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Preface 


To best serve the needs of the instructor, the solutions or answers for the problems contained in the 
Malvino/Bates student text and experiments manual have been combined in this single volume. This 
instructor’s manual has been designed to provide you, the instructor, with a convenient reference 
source for answers to both even- and odd- numbered exercises. 

The sections of the Instructor’s Manual for Electronic Principles, Seventh Edition, are as 

follows: 

1. Solutions to problems in Electronic Principles, Seventh Edition. Here you will find solutions 
for all the questions and problems at the end of the textbook chapters. In most cases, complete 
worked-out solutions are provided for your convenience. 

2. Answers for the experiments manual. This part contains representative data for all 
experiments. Also included are the answers to the questions at the end of each experiment. 

3. Transparency masters. Included in this section are 33 figures from the student text, along with 
manufacturers’ data sheets for popular devices for use as transparency masters or for 
duplication for student use. 

Albert Paul Malvino 
David J. Bates 


iv 



Part 1 

Electronic Principles 
Seventh Edition 


Chapter 1 Introduction 

SELF-TEST 


1. a 

7. b 

13. c 

19. b 

2. c 

8. c 

14. d 

20. c 

3. a 

9. b 

15. b 

21. b 

4. b 

10. a 

16. b 

22. b 

5. d 

11. a 

17. a 

23. c 

6. d 

12. a 

18. b 



JOB INTERVIEW QUESTIONS 

Note: The text and illustrations cover many of the job interview 
questions in detail. An answer is given to job interview 
questions only when the text has insufficient infonnation. 

2. It depends on how accurate your calculations need to be. If 
an accuracy of 1 percent is adequate, you should include 
the source resistance whenever it is greater than 1 percent 
of the load resistance. 

5. Measure the open-load voltage to get the Thevenin voltage 
Vjh- To get the Thevenin resistance, reduce all sources to 
zero and measure the resistance between the AB tenninals 
to get R m . If this is not possible, measure the voltage V, 
across a load resistor and calculate the load current I L . Then 
divide V TH - V L by I L to get R m . 

6. The advantage of a 50 Cl voltage source over a 600 Cl 
voltage source is the ability to be a stiff voltage source to a 
lower value resistance load. The load must be 100 greater 
than the internal resistance in order for the voltage source 
to be considered stiff. 

7. The expression cold-cranking amperes refers to the amount 
of current a car battery can deliver in freezing weather 
when it is needed most. What limits actual current is the 
Thevenin resistance caused by chemical and physical 
parameters inside the battery, not to mention the quality of 
the connections outside. 

8. It means that the load resistance is not large compared to 
the Thevenin resistance, so that a large load current exists. 

9. Ideal. Because troubles usually produce large changes in 
voltage and current, so that the ideal approximation is 
adequate for most troubles. 

10. You should infer nothing from a reading that is only 
5 percent from the ideal value. Actual circuit troubles will 
usually cause large changes in circuit voltages. Small 
changes can result from component variations that are still 
within the allowable tolerance. 

11. Either may be able to simplify the analysis, save time when 
calculating load current for several load resistances, and 


give us more insight into how changes in load resistance 
affect the load voltage. 

12. It is usually easy to measure open-circuit voltage and 
shorted-load current. By using a load resistor and 
measuring voltage under load, it is easy to calculate the 
Thevenin or Norton resistance. 

PROBLEMS 

1-1. Given: 

V= 12 V 
0.1 Cl 

Solution: 

R l =100R s 
^=100(0.1 O) 

R l = 10 O 

Answer: The voltage source will appear stiff for values 
of load resistance of >10 Cl. 

1-2. Given: 

^imin = 270 Cl 

i? im ax=100kO 

Solution: 

R S <0.01R L (Eq. 1-1) 

R s < 0.01(270 O) 

R S <2.1C1 

Answer: The largest internal resistance the source can 
have is 2.7 Cl. 

1-3. Given: R$ = 50 Cl 
Solution: 

R l =\00R s 
R l = 100(50 O) 

R l = 5 kO 

Answer: The function generator will appear stiff for 
values of load resistance of >5 kfl. 

1-4. Given: R s = 0.04 Cl 
Solution: 

R l = \00R s 
R l = 100(0.04 0) 

R l = 4C1 

Answer: The car battery will appear stiff for values of 
load resistance of > 4 Cl. 
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1-5. Given: 

R s = 0.05 SI 
1 = 2 A 

Solution: 

V = IR (Ohm’s law) 

V= (2 A)(0.05 Si) 

V = 0.1 V 

Answer: The voltage drop across the internal resistance 
is 0.1 V. 

1-6. Given: 

V=9V 

R s =0.4Sl 

Solution: 

I=VIR (Ohm’s law) 

/= (9 V)/(0.4 Si) 

1=22.5 A 

Answer: The load current is 22.5 A. 

1-7. Given: 

I s = 10 mA 
R s = 10 MO 

Solution: 

R l = 0.01R s 
R l = 0.01(10 MO) 

R l = 100 kO 

Answer: The current source will appear stiff for load 
resistance of < 100 kO. 

1-8. Given: 

7?z,min = 270 O 

7?Lmax=100kO 

Solution: 

R s >\00R l (Eq. 1-3) 

R s > 100(100 kO) 

R s > 10 MO 

Answer: The internal resistance of the source is greater 
than 10 MO. 

1-9. Given: R s = 100 kO 
Solution: 

R L = 0.0\R S (Eq. 1-4) 

R l = 0.01(100 kO) 

R l = 1 kO 

Answer: The maximum load resistance for the current 
source to appear stiff is 1 kO. 

1-10. Given: 

I s = 20 m A 
R s = 200 kO 
R l = 0SI 

Solution: 

R l = 0.01R s 
R l = 0.01(200 kO) 

R l = 2 kO 

Answer: Since 0 O is less than the maximum load 
resistance of 2 kO, the current source appears stiff; thus 
the current is 20 mA. 

1-11. Given: 

1= 5 mA 
R s = 250 kO 
R l = 10 kO 


Solution: 

R L = 0.0\R s (Eq. 1-4) 

R l = 0.01(250 kO) 

R l = 2.5 k Si 

I L = Ij(Rs)/(Rs + 7?i)] (Current divider fonnula) 

I L = 5 mA[(250 kO)/(250 kD/(250 kO + 10 kO)] 

I L = 4.80 mA 

Answer: The load current is 4.80 mA, and, no, the 
current source is not stiff since the load resistance is not 
less than or equal to 2.5 kfi. 

1-12. Solution: 

Vth = Vr2 

Vm = V s [(R 2 )/(Ri + i? 2 )] (Voltage divider formula) 

Via = 36 V[(3 kfl)/(6 kO + 3 kO)] 

V R2 = 12 V 

Rth = [7? \RilR\ + 7? 2 ] (Parallel resistance fonnula) 
R m = [(6 kh)(3 kfl)/(6 kfi + 3 k£2)] 

R m - 2 kfl 

Answer: The Thevenin voltage is 12 V, and the Thevenin 
resistance is 2 kfl 




(a) Circuit for finding V T h in Prob. 1-12. (b) Circuit for 
finding Rth in Prob. 1-12. 

1-13. Given: 

V m = 12 V 
Rjh = 2 kfl 

Solution: 

I=V/R (Ohm’s law) 

1= V T h/(Rth + Rl) 


7on = 

= 12 V/(2kO- 

f ( 

)fi) = 

6 mA 

7ikn 

= 12 

V/(2 

kO 

+ 

1 kO) 

= 4 mA 

hkn 

= 12 

V/( 2 

k£2 

+ 

2kO) 

= 3 mA 

hkn 

= 12 

V/(2 

k Si 

+ 

3 kO) 

= 2.4 mA 

1 4k£2 

= 12 

V/(2 

kO 

+ 

4kO) 

= 2 mA 

hkQ. 

= 12 

V/(2 

k Si 

+ 

5 kO) 

= 1.7 mA 

hkn 

= 12 

V/(2 

k Si 

+ 

6 kO) 

= 1.5 mA 


Answers: 0 0 6 mA; 1 kfl, 4 mA; 2 kfl, 3mA; 3 k£2, 
2.4 mA; 4 k£2, 2 mA; 5 k£2, 1.7 mA; 6 k£2, 1.5 mA. 
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^TH 



Thevenin equivalent circuit for Prob. 1-13. 

1-14. Given: 

V s = 18 V 
R i = 6 kfl 
R 2 = 3 kCl 

Solution: 

Vth = Vr2 

Vr 2 = V s [(R 2 )/(Ri + i? 2 )] (Voltage divider formula) 
Vri = 18 V[(3 k£2)/(6 k£2 + 3 kfl)] 

V S2 = 6V 

R?h = [(^i x R1)/(R\ + R?)] (Parallel resistance formula) 
R m = [(6 k£l x~3 kfl)/(6 kfl + 3 kfl)] 

R th — 2 kfl 

Answer: The Thevenin voltage decreases to 6V, and the 
Thevenin resistance is unchanged. 

1-15. Given: 

V S =36V 
R t = 12kfl 
R 2 = 6 kfl 

Solution: 

V m = Vr2 

Vrh = f / 5 .[(J?,)/(i? 1 + i?,)] (Voltage divider formula) 
V R2 = 36 V[(6 kfl)/(12 kfl + 6 kfl)] 

Vri = 12 V 

Rth= [(^? ii? 2 )/(^?i + R 2 )] (Parallel resistance formula) 

R TH = [(12 kfl)(6 kfl)/(12 k£2 + 6 kfl)] 

R m = 4 kfl 

Answer: The Thevenin voltage is unchanged, and the 
Thevenin resistance doubles. 

1-16. Given: 

V TH = 12 V 
R m = 3 kQ. 

Solution: 

Rn—Rth 

R N =3kCl 

In = Vth/Rth 

I N = 15 V/3 kfl 
I N = 4 mA 

Answer: Iff = 4 mA, and Rn=3 kfl 



Norton circuit for Prob. 1-16. 


1-17. Given: 

Ifi — 10 mA 

%=iokn 


Solution: 

Rn = Rth (Eq. 1-10) 

Rth “io kfi 

In = V m /R m (Eg. 1-12) 

Vth = InRn 

Vth = (10 mA)(10 kfl) 

V m = 100 V 

Answer: Rju = 10 kfi, and V m = 100 V 



100 V 


Thevenin circuit for Prob. 1-17. 

1-18. Given (from Prob. 1-12): 

V m = 12 V 
R jff = 2 kfl 
Solution: 

R n = R T h (Eq. 1-10) 

Rfr= 2 kQ. 

In= V th IR th (Eq. 1-12) 

In — 12 V/2 kfl 
Iff = 6 mA 

Answer: Rff=2 kfl, and I N = 6 mA 



Norton circuit for Prob. 1-18. 

1-19. Shorted, which would cause load resistor to be 
connected across the voltage source seeing all of the 
voltage. 

1-20. a. R t is open, preventing any of the voltage from 
reaching the load resistor, b. R 2 is shorted, making its 
voltage drop zero. Since the load resistor is in parallel 
with R 2 , its voltage drop would also be zero. 

1-21. The battery or interconnecting wiring. 

1-22. R m = 2 kfl 

Solution: 

R Meter — lOORj-// 

Rueter= 100(2 kfl) 

R Meter = 200 kf2 

Answer: The meter will not load down the circuit if the 
meter impedance is > 200 kfl. 

CRITICAL THINKING 

1-23. Given: 

V s = 12 V 
I s = 150 A 

Solution: 

Rs= (Vs)/Us) 

R s = (12 V)/(150 A) 

R s = 80 mft 
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Answer: If an ideal 12 V voltage source is shorted and 
provides 150 A, the internal resistance is 80 mf2. 

1-24. Given: 

V s = 10 V 
V l = 9V 
R l = 75 Q, 

Solution: 

V S =V RS +V L 
V SS =V S -V L 
V RS = 10V-9V 
Vrs~ 1 V 

Irs = 4 = Vi/Rr 
I RS = 9 V/75 n 
Irs= 120 mA 

Rs = VrsHrs 
R s = 8.33 fl 

R s < 0.01 R l 
8.33 < 0.01(75 Q) 

8.33 fl £ 0.75 12 

Answer: a. The internal resistance ( R s ) is 8.33 12. b. The 
source is not stiff since R s •f. 0.01 R L . 

1-25. Answer: Disconnect the resistor and measure the 
voltage. 

1-26. Answer: Disconnect the load resistor, turn the internal 
voltage and current sources to zero, and measure the 
resistance. 

1-27. Answer: Thevenin’s theorem makes it much easier to 
solve problems where there could be many values of a 
resistor. 

1-28. Answer: To find the Thevenin voltage, disconnect the 
load resistor and measure the voltage. To find the 
Thevenin resistance, disconnect the battery and the load 
resistor, short the battery tenninals, and measure the 
resistance at the load tenninals. 

1-29. Given: 

R l = 1 k!2 
1= 1 mA 

Solution: 

R s > 100 R l 
R s > 100(1 k!2) 

R l > 100 k!2 

V=IR 

V= (1 mA)(100 k!2) 

V= 100 V 

Answer: A 100 V battery in series with a 100 k!2 
resistor. 

1-30. Given: 

V S =30N 
V l =15V 
R th *'■ 3 k!2 

Solution: Assume a value for one of the resistors. Since 
the Thevenin resistance is limited to 2 k£2, pick a value 
less than 2 kf2. Assume R 2 = 1 kf2. 

Vi = V s [R 2 !{Ri + R^)] (Voltage divider formula) 

Ri = [(Vs)(R2)/V l ]-R 2 

Ri = [(30 V)(l kf2)/(15 V)] - 1 kf2 

Ri = 1 kfl 

Rth = {R \ RAR i T Ri) 

R m = [(1 kf2)(l k£2)]/(l kf2 + 1 kf2) 


R 77 / — 500 12 

Answer: The value for R t and R 2 is 1 k!2. Another 
possible solution is R[ = R 2 = 4 k!2. Note: The criteria 
will be satisfied for any resistance value up to 4 k£2 and 
when both resistors are the same value. 

1-31. Given: 

V S ~30V 
V L = 10V 
R l > 1 MO 

R s < 0.0114 (since the voltage source must be stiff) 
(Eq. 1-1) 

Solution: 

R S <0.01R L 

0.01(1 M12) 

R s < 10 k!2 

Since the Thevenin equivalent resistance would be the 
series resistance, Rjh < 10 k! 2 . 

Assume a value for one of the resistors. Since the 
Thevenin resistance is limited to 1 k!2, pick a value less 
than 10 k!2. Assume R 2 = 5 k!2. 

V L = V s [R 2 l(Ri + R^)] (Voltage divider formula) 

Ri = [(V s )(R2)/V l ]-R 2 

Ri = [(30 V)(5 kf2)/(10 V)] - 5 kf2 

Ri= 10kf2 

R th = R i R 2 /( R R 2 ) 

Rth= [(10 kt2)(5 kh )]/(10 k !2 + 5 k! 2 ) 

R TH = 3.33 kfl 

Since Rm is one-third of 10 k£2, we can use R\ and R 2 
values that are three times larger. 

Answer: 

Ri = 30 kf2 
B 2 = 15 kfl 

Note: The criteria will be satisfied as long as R[ is twice 
R 2 and R 2 is not greater than 15 kf2. 

1-32. Answer: First, measure the voltage across the tenninals. 
This is the Thevenin voltage. Next, connect the ammeter 
to the battery tenninals—measure the current. Next, use 
the values above to find the total resistance. Finally, 
subtract the internal resistance of the ammeter from this 
result. This is the Thevenin resistance. 

1-33. Answer: First, measure the voltage across the tenninals. 
This is the Thevenin voltage. Next, connect a resistor 
across the terminals. Next, measure the voltage across 
the resistor. Then, calculate the cunent through the load 
resistor. Then, subtract the load voltage from the 
Thevenin voltage. Then, divide the difference voltage by 
the current. The result is the Thevenin resistance. 

1-34. Solution: Thevenize the circuit. There should be a 
Thevenin voltage of 0.148 V and a resistance of 6 kf2. 

h = Vth!{Rth + Rl) 

I L = 0.148 V /(6 kf2 + 0) 

I L = 24.7 pA 

I L = 0.148 V /(6 kf2 + 1 kf2) 

4 = 21.1 pA 

4 = 0.148 V/(6kf2 +2 kf2) 

4= 18.5 pA 

4 = 0.148 V/(6kf2 +3 kf2) 

4= 16.4 pA 


(Kirchhoff’s law) 

(Ohm’s law) 

(Ohm’s law) 

(Eq. 1-1) 


1-4 



4 = 0.148 V/( 6 kfi +4 kfi) 

4= 14.8 pA 

/,, = (). 148 V /(6 kfl + 5 kfl) 

4= 13.5 pA 

4 = 0.148 V /(6 kfl + 6 kfl) 

4= 12.3 pA 

Answer: 0, 4 = 24.7 pA; 1 kfl, 4 = 21.1 pA; 2 k£2, 4 = 
18.5 pA; 3 kC2, I L = 16.4 pA; 4 kll, 4 = 14.8 |_iA; 5 kfl, 
4 = 13.5 pA; 6 k£2, 4 = 12.3 pA. 

1-35. Trouble: 

1:7?! shorted 
2 : 7?! open or7 ? 2 shorted 
3: 7 ?3 open 
4: 7 ?3 shorted 

5: 7 ?2 open or open at point C 
6 : 7 ? 4 open or open at point D 
7: Open at point E 
8 : 7 ? 4 shorted 


Chapter Two Semiconductors 

SELF-TEST 


l.d 

15. a 

29. d 

42. b 

2. a 

16. b 

30. c 

43. b 

3. b 

17. d 

31. a 

44. c 

4. b 

18. b 

32. a 

45. a 

5. d 

19. a 

33. b 

46. c 

6. c 

20. a 

34. a 

47. d 

7. b 

21. d 

35. b 

48. a 

8. b 

22. a 

36. c 

49. a 

9. c 

23. a 

37. c 

50. d 

10. a 

24. a 

38. a 

51. c 

11. c 

25. d 

39. b 

52. b 

12. c 

26. b 

40. a 

53. d 

13. b 

27. b 

41. b 

54. b 

14. b 

28. b 




JOB INTERVIEW QUESTIONS 

9. Holes do not flow in a conductor. Conductors allow current 
flow by virtue of their single outer-shell electron, which is 
loosely held. When holes reach the end of a semiconductor, 
they are filled by the conductor’s outer-shell electrons 
entering at that point. 

11. Because the recombination at the junction allows holes and 
free electrons to flow continuously through the diode. 

PROBLEMS 

2 - 1 . -2 

2-2. -3 

2-3. a. Semiconductor 

b. Conductor 

c. Semiconductor 

d. Conductor 

2-4. 500,000 free electrons 

2-5. a. 5 mA 

b. 5 mA 

c. 5 mA 

2 - 6 . a. p- type 

b. n-type 

c. p- type 


2-7. 


d. n-type 

e. p- type 

Given: 

Barrier potential at 25°C is 0.7 V 
T . = 25°C 

1 min 

T . =75°C 
Solution: 

AF=(-2mV/°C)A T (Eq. 2-4) 

AF= (-2 mV/°C)(0°C - 25°C) 
AF= 50 mV 


Vou + AV 

0.7 V +0.05 V 


v 

v ne 

v m 

V new = 0.75 V 

AF= (-2 mV/°C)AT (Eq. 2-4) 

AF= (-2 mV/°C)(75°C - 25°C) 

AF= -100 mV 

knew = F oW + AF 
knew = 0.7 V -0.1 V 
knew = 0.6 V 

Answer: The barrier potential is 0.75 V at 0°C and 0.6 V 
at 75°C, 


2-8. Given: 


I s = 10 nA at 25°C 
J mm = 0°C-75°C 
T m ax = 75°C 

Solution: 

J =7 (AW10 )j 
1 Sinew) L - , S(old) 


^^(new) 

4(new) 


2-9. 


(Eq. 2-5) 

2 [(0»C-25"C)/10] 10 llA 

1.77 nA 

4(new) = 2 (AW 1 %oid) (Eq. 2-5) 

4(new) = 2 K 75 ° c - 25 ° c)/ 10 )] 10nA 

4(new) 320 nA 

Answer: The saturation current is 1.77 nA at 0°C and 
320 nA at 75°C, 

Given: 

Isl = 10 nA with a reverse voltage of 10 V 
New reverse voltage = 100 V 

Solution: 

Rsl = Vr!ISL 

Rsl = 10 V/10 nA 
R sl = 1000 Mil 

IsL = Vr/Rsl 

Isl =100 V/1000 Mfl 
/,/ = 100 nA 

Answer: 100 nA. 

2-10. Answer: Saturation current is 0.53 pA, and surface- 
leakage current is 4.47 pA at 25°C. 

2-11. Reduce the saturation current, and minimize the RC time 
constants. 


Chapter 3 

SELF-TEST 

Diode Theory 


l.b 

7. c 

12. b 

17. b 

2. b 

8. c 

13. a 

18. b 

3. c 

9. a 

14. d 

19. a 

4. d 

10. a 

15. a 

20. a 

5. a 

6. b 

11. b 

16. c 

21. c 
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Answer: 

I L = 19.3 mA 
V L = 19.3 V 
P L = 372 mW 
P D = 13.4 mW 
P T = 386 mW 

3-15. Given: 

V S =20V 
V D = 0.7 V 
R l = 2 kO 

Solution: 

Il = V l IR l (Ohm’s law) 

/,. = 19.3 V/2 kO 
I L = 9.65 mA 

Answer: 9.65 mA 
3-16. Given: 

V s = 12 V 
V d =0.7V 
R l = 470 O 

Solution: 

Vg= Vj)+ V L (Kirchhoff’s law) 

12 V = 0.7 V+ V L 
V L = 11.3 V 

I L = VJRi (Ohm’s law) 

I L = 11.3 V/470O 
I L = 24 mA 

Pl = (V l )(Il ) 

Pi = (11.3 V)(24mA) 

P L = 271.2 mW 

Pd = (V d )(I d ) 

P D = (0.7 V)(24 mA) 

P c = 29.2 mW 

Pt = Pd + Pl 

P T = 29.2 mW + 271.2 mW 
P r = 300.4 mW 

Answer: 

V l =113V 

11 = 24 mA 

Pi = 271.2 mW 
P fl = 29.2 mW 
P r = 300.4 mW 

3-17. Given: 

V s = 12 V 
V d = 0.7V 
R l = 940 O 

Solution: 

V$ = Vd+ V l (Kirchhoff’s law) 

12 V = 0.7 V+ V L 
V L = 11.3 V 

I L = Fi/Pi (Ohm’s law) 

/,, = 11.3 V/940 O 
4= 12 mA 

Answer: 12 mA 
3-18. Given: 

V s = 12 V 
P £ = 470 O 


Solution: The diode would be reversed-based and acting 
as an open. Thus the current would be zero, and the 
voltage would be source voltage. 

Answer: 

V D = 12 V 
4=0 mA 
3-19. Open 

3-20. The diode voltage will be 5 V, and it should bum open 
the diode. 

3-21. The diode is shorted, or the resistor is open. 

3-22. The voltage of 3 V at the junction of P, and P 2 is nonnal 
if it is a voltage divider with nothing in parallel with P 2 . 
So, the problem is in the parallel branch. A reading of 0 
V at the diode resistor junction indicates either a shorted 
resistor (not likely) or an open diode. A solder bridge 
could cause the resistor to appear to be shorted. 

3-23. A reverse diode test reading of 1.8 V indicates a leaky 
diode. 

3-24. 1N4004 

3-25. Cathode band. The arrow points toward the band. 

3-26. The temperature limit is 175°C, and the temperature of 
boiling water is 100°C. Therefore, the temperature of the 
boiling water is less than the maximum temperature and 
the diode will not be destroyed. 


CRITICAL THINKING 

3-27. Given: 

1N914: forward 10 mA at 1 V; reverse 25 11 A at 20 V 
1N4001: forward 1 A at 1.1 V; reverse 10 pA at 50 V 
IN 1185: forward 10 A at 0.95 V; reverse 4.6 mA at 
100 V 

Solution: 

1N914 forward: 

P = VII (Ohm’s law) 

P = 1 V/lOmA 
P= 100O 

1N914 reverse: 

P = VII (Ohm’s law) 

P = 20 V/25 nA 
P = 800 MO 

1N4001 forward: 

P = VU (Ohm’s law) 

P= 1.1 V/l A 
P=l.lfl 

1N4001 reverse: 

P = VU (Ohm’s law) 

P = 50 V/10 pA 
P = 5 MO 

IN 1185 forward: 

P = VU (Ohm’s law) 

P = 0.95 V/10 A 
P = 0.095 O 

IN 1185 reverse: 

P = VII (Ohm’s law) 

P = 100 V/4.6 mA 
P = 21.7 kO 
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Answer: 


Solution: 


1N914: 

forward R= 100 Q 
reverse R = 800 MD 

1N4001: 

forward U= 1 . 1 Q 
reverse R = 5 MD 

1N1185: 

forward R = 0.095 Q 
reverse = 21.7 kO 

3-28. Given: 

V S =5V 
V D = 0.7 V 
I D = 20 mA 

Solution: 

V R = V$- V[) (Kirchhoffs law) 

V R = 5 V - 0.7 V 
V R = 4.3 V 

R = VII (Ohm’s law) 

R - 4.3 V/20 mA 
R = 215 O 

Answer: R = 215 Q 
3-29. Given: 

V D = 0.7 V 
Id = 10 mA 
R\ = 30 k SI 
Rj = 5 kO 

Solution: Find the voltage required on the parallel 
branch to achieve a diode current of 0.25 mA. 

V r = IR 3 (Ohm’s law) 

V R = (0.25 mA)(5 kO) 

V R = 1.25 V 

V = V R + Vd (Kirclihoffs law) 

V= 1.25 V +0.7 V 

V = 1.95 V 

This is the voltage at the junction of R\ and R 2 . Next 
find the voltage drop across R t . 

V R i = Vs~V (Kirchhoffs law) 

V R i = 12 V — 1.95 V 
V R i = 10.05 V 

7 = VIR (Ohm’s law) 

7 = 10.05 V/30 kO 
7=335 pA 

Now that the current through R\ is known, this is the 
total current for the parallel branches. The nest step is to 
find the current through R 2 . 

I 2 = I\ — I D (Kirclilioff s law) 

I 2 = 335 pA - 0.25 mA 
I 2 = 85 pA 

The next step is to use the voltage and current to 
calculate the resistance. 

R 2 = V/I 2 (Ohm’s law) 

R 2 = 1.95 V/85 pA 
R 2 = 23 kO 

Answer: R 2 = 23 kO 
3-30. Given: 

500 mA at 1 V 
0 mA at 0.7 V 


r B = (V 2 — Vi)(I 2 - 7i) (Eq. 3-7) 

r B = (1 V - 0.7 V)/(500 mA - 0 mA) 
r B = 600 mil 

Answer: r B = 600 mfl 

3-31. 

!• Ir = Isl + Is 
2. 5 pA = I SL + I S(M) 

3- Isl ~ 5 pA - 7s(oid) 

4. 100 pA = I SL + /s(new) 

5. 7 s(new) = 2 (&wl0) 7 lSrokn (Eq. 2-6) 

Substitute formulas 2 and 5 into formula 4. 

6 . 100 pA = 5 pA - I s(om + 2 (A7710) / S(old) 

Put in the temperature values. 

7. 100 pA = 5 pA -Ifloid) + 2 [(W0 ° C - 2! ° C)/ ‘% oU> 

Move the 5 pA to the left side, and simplify the 
exponent of 2 . 

8 . 95 pA = - /s( 0 id) + 2 7 " 7s(oid) 

Combine like terns. 

9. 95pA = (2 7 ' 5 -l)/ Sold) 

10. 95 pA = (l80.02) 7 s(old) 

Solve for the variable. 

11. 1st old) = 95 pA/( 180.02) 

12. 7^( 0 id) = 0.53 pA 

Using formula 3: 

13. Isl = 5 pA - /^oid) 

14. I SL = 5 pA - 0.53 pA 

15. I SL = 4.47 pA 

Answer: The surface-leakage current is 4.47 pA at 25°C. 
3-32. Given: 

Ri = 30 kfl 
R 2 = lOkfl 
R 3 = 5 kfl 

This condition will not occur if the diode is normal. It 
can be either opened or shorted. If it is shorted, the 
resistance would be 0 fi. If it is open, it would be the 
resistance of the resistors. 

Solution: The circuit would have R\ and R 2 in parallel, 
and the parallel resistance in series with R 2 . 

R = [( 7 ?i)( 7 ? 2 )]/( 7 ?i + 7 ? 2 ) (Parallel resistance fonnula) 

R = [(30 k£ 2)(10 kn)]/(30 kfl + 10 kfl) 

R = 7.5 kfl 
7e r =5kfl + 7.5kfl 
R t = 12.5 kfl 

Answer: The resistance would be 12.5 kfl if the diode is 
open and 0 Q if the diode is shorted. 

3-33. During normal operation, the 15-V power supply is 
supplying power to the load. The left diode is forward- 
biased and allows the 15-V power supply to supply current 
to the load. The right diode is reversed-based because 15 V 
is applied to the cathode and only 12 V is applied to the 
anode. This blocks the 12-V battery. Once the 15-V power 
supply is lost, the right diode is no longer reversed-biased, 
and the 12-V battery can supply current to the load. The 
left diode will become reverse-biased, preventing any 
current from going into the 15-V power supply. 

3-34. It causes all of them to increase. 

3-35. The source voltage does not change, but all other 
variables decrease. 

3-36. /|, I 2 , and P\. Because the resistance of R 2 increased, the 
total resistance of the voltage divider increases. This 
causes the current in the voltage divider to decrease. This 
explains the decreasing of the current. Since the voltage 
across R\ decreased and I t decreased, P\ decreases. 
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3-37. V A , V B , V c , h, h, P 1, Pi- Since R is so large, it has no 
effect on the voltage divider; therefore, the variables 
associated with the voltage divider do not change. 

3-38. V c , / 3 , P 3 . The voltage divider is unaffected. The increase 
in diode voltage drop will cause the voltage at point C to 
decrease, thus decreasing the current and power. 


Chapter 4 Diode Circuits 

SELF-TEST 


l.b 

8. c 

14. a 

20. c 

2. a 

9. c 

15. b 

21. a 

3. b 

10. d 

16. a 

22. b 

4. c 

11. b 

17. d 

23. a 

5. c 

12. b 

18. c 

24. c 

6. b 

13. c 

19. c 

25. c 


7. b 


Answer: The peak voltage is -21.2 V, the average 
voltage is -6.74 V, and the dc voltage is -6.74 V. 

4-3. Given: V in = 50 V ac 
Solution: 

V P = 1.414 

V P = 1.414(50 Vac) 

V P = 70.7 V 

V p(out) =V p(in) -0.7V (Eq. 4-4) 

V p( out) = 70.0 V 

Since the average and the dc values are the same: 

V Ac = 0.318 V (Eq. 4-2) 

V Ac = 0.318 (70.0 V) 

V Ac = 22.3 V 

Answer: The peak voltage is 70.0 V, the average voltage 
is 22.3 V, and the dc voltage is 22.3 V. 

4-4. Given: V m = 15 V ac 


JOB INTERVIEW QUESTIONS 

7. The LC type is preferable when tighter regulation is required 
and (or) power cannot be wasted. Examples include 
transmitters, lab test equipment, and military gear when cost 
is not of primary concern. The LC filter ideally dissipates no 
power. In reality, the inductor losses result in some heal. 
The less costly RC filter consumes power in the resistor. 

8 . A full-wave rectifier is made up of two back-to-back half¬ 
wave rectifiers. 

9. When you need a high dc output voltage from the power 
supply, but a step-up transformer is neither available nor 
practical in the design. 

11. Because a transformer with a high turns ratio produces a few 
thousand volts, which means more insulation and expense. 

13. There is probably a short in the circuit that caused 
excessive current through the resistor. You have to look at 
the schematic diagram and test the different components 
and wiring to try to locate the real trouble. 


Solution: 

V P = 1.414 V. 

V P = 1.414(15 Vac) 

V P = -21.2 V 

^(outt=^ ( j n) -0.7V (Eq. 4-4) 

^(ou.) =-20.5 V 

Since the average and the DC values are the same: 

V ic = 0.318 V (Eq. 4-2) 

V Ac = 0.318 (-20.5 V) 

V ic = -6.52 V 

Answer: The peak voltage is -20.5 V, the average 
voltage is -6.52 V, and the dc voltage is -6.52 V. 



Output waveform for Probs. 4-1 and 4-3. Waveform is 
negative for Probs. 4-2 and 4-4. 


PROBLEMS 

4-1. Given: V in = 50 V ac 
Solution: 

V P = 1.414 Vjms 
V P = 1.414 (50 V ac) 

V P = 70.7 V 

P p (out) = Pp(in) (Eq. 4-1) 

E„(out) = 70.7 V 

Since the average and the dc values are the same: 

E dc = 0.318 V P (Eq. 4-2) 

V Ac = 0.318 (70.7 V) 

V Ac = 22.5 V 

Answer: The peak voltage is 70.7 V, the average voltage 
is 22.5 V, and the dc voltage is 22.5 V. 

4-2. Given: V in = 15 Vac 
Solution: 

V P = 1.414 Vrms 
V P = 1.414(15 Vac) 

V P =- 21.2 V 

P p (out) = Pp(in) (Eq. 4-1) 

E M out) =-21.2 V 

Since the average and the dc values are the same: 

V Ac = 0.318 V p (Eq. 4-2) 

V Ac = 0.318 (-21.2 V) 

V Ac = -6.74 V 


4-5. Given: 

Turns ratio = Ni/N 2 = 6:1=6 

Ej = 120^ 

Solution: 

V 2 = ViKNi/Ni) (Eq. 4-5) 

V 2 = 120 V ms /6 
V 2 = 20 V rms 

Vp= (1.414) (V ms ) 

Vp= (1.414) (20 Vnns) 

Vp= 28.28 Vp 

Answer: The secondary voltage is 20 V rms or 28.28 V P . 
4-6. Given: 

Turns ratio = NJN 2 =1:12 = 0.083333 
E, = 120 Vac 

Solution: 

V 2 =Vil(N x IN 2 ) (Eq. 4-5) 

V 2 = 120 Vac/0.083333 
V 2 = 1440 Vac 

V P = 1.414 V ms 
V P = 1.414(1440 Vac) 

V P = 2036.16 V 

Answer: The secondary nns voltage is 1440 V ac, and 
the peak voltage is 2036.16 V. 

4-7. Given: 

Turns ratio = NJN 2 = 8:1=8 
Vi = 120 V ac (rms) 
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Solution: 


V 2 =V x l(N l IN 2 ) (Eq. 4-5) 

V 2 = 120 Vac /8 
V 2 = 15 Vac 

Ep = 1.414 Vrms 
F P = 1.414(15 Vac) 

V P = 21.21 V 

Ep(oufi = Ep(in) (Eq. 4-1) 

Jp (out ) = 21.21 V 

F dc = 0.318 V P (Eq. 4-2) 

F dc = 0.318 (21.21 V) 

F dc = 6.74 V 

Answer: The peak voltage is 21.21 V, and the dc voltage 
is 6.74 V. 

4-8. Given: 

Turns ratio = Ni/N 2 = 8:1=8 
V\ = 120 V ac (rms) 

Solution: 

V 2 =Vil(N x IN 2 ) (Eq. 4-5) 

V 2 = 120 Vac /8 
V 2 = 15 Vac 

V P = 1.414 V ms 
V P = 1.414(15 Vac) 

V P = 21.21 V 

^(ou.)=^ ( in)-0.7V(Eq. 4-4) 

F p(out) = 20.51 V 

F dc = 0.318 F P (Eq. 4-2) 

F dc = 0.318 (20.51 V) 

F dc =6.52 V 

Answer: The peak voltage is 20.51 V, and the dc voltage 
is 6.52 V. 

4-9. Given: 

Turns ratio = Nt/N 2 = 4:1 = 4 
V\ = 120 Vjms 

Solution: 

V 2 = Fi/(Vi/V 2 ) (Eq. 4-5) 

F 2 =120V ms /4 
V 2 = 30 V rms 

Since it is a center-tapped transformer, each half of the 
secondary is half of the total secondary voltage. 

E upP er = 1 /2 V 2 
Eupper = '/2 (30 V ms ) 
v = 15 V 

Elower = Vi Ep 

Elower = Vi(30 V ms ) 

Elower 16 V rnls 

Vp= (1.414) (V ml ) 

Ep= (1.414) (15 V ms ) 

F P = 21.21 Vp 

Answer: Each half of the secondary has an rms voltage 
of 15 V and a peak voltage of 21.21 V. 

4-10. Given: 

Turns ratio = N\/N 2 = 7:1 =7 
V\ = 120 V ac 

Solution: 

E 2 =Ei I(N x IN 2 ) (Eq. 4-5) 


V 2 = 120 Vac/7 
E 2 = 17.14 Vac 

Fp= 1.414 V^ 

Ep= 1.414(17.14 Vac) 

Fp = 24.24 V 

Fp (ln) = 0.5 Vp 
Fp (in) = 0.5(24.24 V) 

F P(m) = 12.12 V 

fp(outt = fp(in) (Eq. 4-1) 

Ep (out ) = 12.12 V 

Since the average and the dc values are the same: 

F dc = 0.636 V p (Eq. 4-6) 

F dc = 0.636 (12.12 V) 

E dc = 7.71 V 

Answer: The peak output voltage is 12.12 V, and the dc 
and average values are 7.71 V. 

4-11. Given: 

Turns ratio = Ni/N 2 = 7:1 =7 
Vi = 120 V ac 

Solution: 

F 2 =Fi /(Ni/N 2 ) (Eq. 4-5) 

F 2 = 120 Vac/7 
F 2 = 17.14 Vac 

Ep= 1.414 V^ 

Fp= 1.414(17.14 Vac) 

V P = 24.24 V 

Fp (ln) = 0.5 V P 
Fp (ln) = 0.5(24.24 V) 

Fp (in) = 12.12 V 

Ep ( ou tt = Fp (in) -0.7 V (Eq. 4-4) 

Ep ( oun= H.42V 

Since the average and the dc values are the same: 

F dc = 0.636 Vp (Eq. 4-6) 

F dc = 0.636 (11.42 V) 

F dc = 7.26 V 

Answer: The peak output voltage is 11.42 V, and the dc 
and average values are 7.26 V. 

4-12. Given: 

Turns ratio = Ni/N 2 = 8:1=8 
Vi = 120 V ac 

Solution: 

F 2 = ViI(NiIN 2 ) (Eq. 4-5) 

F 2 = 120 Vac /8 
F 2 = 15 Vac 

Ep ( in) = 1-414 V ms 
Fp (in) = 1.414 (15 Vac) 

Fp (in) = 21.21V 

fp(out) = Ep(in) (Eq. 4-1) 

Ep (ou f) = 21.21 V 

Since the average and the dc values are the same: 

F dc = 0.636 V p (Eq. 4-6) 

F dc = 0.636 (21.21 V) 

F dc = 13.49 V 

Answer: The peak output voltage is 21.21 V, and the dc 
and average values are 13.49 V. 
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4-13. Given: 


Turns ratio = N 1 /N 2 =8:1 =8 
V\ = 120 V ac 

Solution: 

V 2 =Vi/(N i/N 2 ) (Eq. 4-5) 

V 2 = 120 Vac /8 
V 2 = 15 Vac 

V P(in) = 1.414 V ms 
V P(in) = 1.414 (15 Vac) 

F P(ln) = 21.21 V 

Jp(out) = JpOn)- 1.4 V (Eq. 4-8) 

Ep ( ou tt = 19.81 V 

Since the average and the dc values are the same: 

E dc = 0.636 V, (Eq. 4-6) 

E dc = 0.636 (19.81 V) 

V dc = 12.60 V 

Answer: The peak output voltage is 19.81 V, and the dc 
and average values are 12.60 V. 


Output waveform for Probs. 4-10 to 4-13. 


4-14. Given: 

Turns ratio = NJN 2 = 8:1=8 
El (max) = 125 V ac 
El (min) = 102 V ac 

Solution: 

E2(max) = Elimax)/(/V,//V 2 ) (Eq. 4-5) 

E 2( max) = 125 V ac/8 
E 2( max)= 15.63 V ac 

E 2 (min) =E,(min)/(/V 1 //V 2 ) (Eq. 4-5) 

E 2( m,„)= 105 Vac/8 
E 2 (min) = 13.13 V ac 

Ep(in)max = 1.414 V 2 ( ma x) 

Ep ( m )ma x= 1.414 (15.63 Vac) 

Ep(in)max = 22.10 V 

Ep(in)min = 1-414 V 2 ( min) 

Ep ( m,mm= 1.414(13.13 Vac) 

Ep(in)min = 18.57 V 

Epfouljinax Ep(i n ) m ax (Eq. 4-1) 

P/?(out)max = 22.10 V 

Vp( out)min — ^p( in)min (Eq. 4-1) 

Ep(out)min = 18.57 V 

Edc(max) 0.636 Epfoutimax (Eq. 4-6) 

E dc = 0.636 (22.10 V) 

E dc = 14.06 V 

E d c(min) 0.636 Ep( out)min (Eq. 4-6) 

E dc = 0.636 (18.57 V) 

E dc = 11.81V 

Answer: The maximum dc output voltage is 14.06 V, 
and the minimum is 11.81 V. 

4-15. Given: 

Ei„ = 20 V 
X L =lkO. 

X c = 25 Q 

Solution: 

E ou t = (Xc/X L )V in (Eq. 4-9) 

E out = (25O/lkO)(20V) 


E out = 500mV 

Answer: The ripple voltage would be 500 mV. 

4-16. Given: 

Ein = 14 V 
X L = 2 kO 
X C = 50Q. 

Solution: 

E ou t = (X c /X L )V in (Eq. 4-9) 

E ou t = (50 Cl/2 kfl)(14 V) 

E ou , = 350 mV 

Answer: The ripple voltage would be 350 mV. 

4-17. Given: 

Turns ratio = Ni/N 2 = 8:1=8 
Vi = 120 V ac 
R l = 10 kll 
C = 47 pF 
yin =60 Hz 
Solution: 

V 2 =Vil{NilN 2 ) (Eq. 4-5) 

V 2 = 120 Vac /8 
V 2 = 15 Vac 

V P = 1.414 V, 

E P = 1.414(15 Vac) 

Ep = 21.2 V (This is the dc output voltage due to the 
capacitor input filter.) 

I=V/R (Ohm’s law) 

7=21.2 V/lOkO 
7= 2.12 mA 

./out ~ fm (Eq. 4-3) 

/out = 60 Hz 

Vr = IKfC) (Eq. 4-10) 

V R = (2.12 mA)/[(60 Hz)(47 pF)] 

Ep = 752 mV 

Answer: The dc output voltage is 21.2 V with a 752 mV 
pp ripple. 



Output waveform for Prob. 4-17. 

4-18. Given: 

Turns ratio = Ni/N 2 = 7:1=7 
Vi= 120 Vac 
R l = 2.2 k fl 
C= 68 pF 
fin =60 Hz 

Solution: 

E 2 =E i/(Ni/N 2 ) (Eq. 4-5) 

F 2 = 120 Vac/7 
V 2 = 17.14 Vac 

Ep= 1.414 V ms 
V P = 1.414(17.14 Vac) 

V P = 24.24 V 

Ep(m) = 0.5 V P 
Ep (m) = 0.5(24.24 V) 

Ep (m) = 12.12 V 

Ep(out) = Ep(in) (Eq. 4-1) 

Ep(out) = 12.12 V (This is the dc output voltage due to the 
capacitor input filter.) 
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I=V/R (Ohm’s law) 

7 = 12.12 V/2.2 k£2 
7=5.51 rnA 

/ou. = 2/„ (Eq. 4-7) 

/out = 2(60 Hz) 

/out =120 Hz 
V r = WQ (Eq. 4-10) 

Vjt= (5.51 mA)/[(120 Hz)(68 pF)] 

Vr = 675 mV 

Answer: The dc output voltage is 12.12 V, with a 675 mV 
pp ripple. 

4-19. Answer: 

Vr = WQ (Eq. 4-10) 

If the capacitance is cut in half, the denominator is cut in 
half and the ripple voltage will double. 

4-20. Answer: 

V R = IKfC) (Eq. 4-10) 

If the resistance is reduced to 500 SI, the current 
increases by a factor of 20; thus the numerator is 
increased by a factor of 20 and the ripple voltage goes 
up by a factor of 20. 

4-21. Given: 

Turns ratio = Ni/N 2 = 9:1=9 
Vi= 120 Vac 
R l = 1 kSl 
C = 470 pF 
/„ = 60 Hz 

Solution: 

V 2 = V 1 HNJN 2 ) (Eq. 4-5) 

V 2 = 120 Vac/9 
V 2 = 13.33 Vac 

V P = 1.414 V ms 
V P = 1.414 (13.33 Vac) 

V P = 18.85 V 

V P (out)=V P (Eq. 4-1) 

Vp( out) = 18.85 V (This is the dc output voltage due to the 
capacitor input filter.) 

7= V/R (Olnn’s law) 

7= 18.85 V/l kO 
7= 18.85 mA 

/out = 2/ n (Eq. 4-7) 

/out = 2(60 Hz) 

/out =120 Hz 

V R = IKfC) (Eq. 4-10) 

Vr = (18.85 mA)/[(120 Hz)(470 pF)] 

V R = 334 mV 

Answer: The dc output voltage is 18.85 V, with a 334 mV 
pp ripple. 



Output waveform for Probs. 4-18 and 4-21. 

4-22. Given: 

Turns ratio = Ni/N 2 = 9:1 =9 
F, = 105 V ac 
R l = 1 kO 
C = 470 pF 
/ n =60 Hz 

Solution: 

V 2 =Vil(N\IN 2 ) (Eq. 4-5) 


V 2 = 105 Vac/9 
F 2 = 11.67 Vac 

V P = 1.414 V ms 
V P = 1.414(11.67 Vac) 

V P = 16.50 V 

F p( ou.) = Vp (Eq. 4-1) 

Fp(out) = 16.50 V (This is the dc output voltage due to the 
capacitor input filter.) 

4-23. Given: V P = 18.85 V P from Prob. 4-21 
Solution: 

PIV = V P (Eq. 4-13) 

PIV= 18.85 V 

Answer: The peak inverse voltage is 18.85 V. 

4-24. Given: 

Turns ratio = N\/N 2 = 3:1 =3 
V\ = 120 Vjms 

Solution: 

V 2 = VxKNJNi) (Eq. 4-5) 

V 2 = 120 Vnng/3 
V 2 = 40 V rms 

Vp= (1.414) (Vjms) 

Vp = (1.414) (40 Vnns) 

Vp= 56.56 Vp 

PIV=F P (Eq. 4-13) 

PIV = 56.56 V 

Answer: The peak inverse voltage is 56.56 V. 

4-25. Solution: 

From the information on p. 114. 

a. Secondary output is 12.6 V ac. 

V P = 1.414 V™, 

V P = 1.414(12.6 Vac) 

V P = 17.8 V 

b. F dc = 17.8 V 

c. 7= V/R (Ohm’s law) 

7 dc = 17.8 Vac/1 k SI 

7 dc = 17.8 mA 
Rated current is 1.5 A. 

Answer: The peak output voltage is 17.8 V, and the dc 
output voltage is 17.8 V. It is not operating at rated 
current, and thus the secondary voltage will be higher. 

4-26. Given: 

Assume P in = P mt 

F dc = 17.8 V from Prob. 4-25 

7 dc = 17.8 mA from Prob. 4-25 

Solution: 

P out “ /(1 C F dc 

7> 0Ut = (17.8mA)(17.8V) 

P out = 317mW 
P in = 317mW 
Pin = F,7 pri 
Ipri = PiJV\ 

7 pr ; = 317 mW/120 V 
7 pr ; = 2.64 mA 

Answer: The primary current would be 2.64 mA. 

4-27. Given: 

V DC = 21.2 V from Prob .4-17 
V DC = 12.12 V from Prob. 4-18 

Solution: 

Fig. 4-40(a) 
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/diode - V/R 

/diode = (2.12 vy(10kfl) 

/diode = 2.12 mA 
Fig. 4-40(b) 

1= V/R 

/= (12.12 V)/(2.2kO) 

1= 5.5 mA 

/diode 0.5 / 

/diode = (0.5)/(5.5 mA) 

/diode 2.75 mA 

Answer: The average diode current in Fig. 4-40(a) is 
212 pA and the current in Fig. 4-40(b) is 2.75 mA. 

4-28 Given: 1 d C = 18.85 mA from Prob. 4-21 
Solution: 

/diode (0.5)4, 

/diode = (0.5X18.85 mA) 

/diode = 9.43 mA 

4-29 Given: V p(out) = 18.85 V from Prob. 4-21 

Solution: Without the filter capacitor to maintain the 
voltage at peak, the dc voltage is calculated the same 
way it would be done if the filter was not there. 

F dc = 0.636 V P 
V ic = 0.636(18.85 V) 

*4= 11.99 V 

Answer: The dc voltage is 11.99 V. 

4-30. Answer: With one diode open, one path for current flow 
is unavailable. The output will look similar to a half¬ 
wave rectifier with a capacitor input filter. The dc 
voltage should not change from the original 18.85 V, but 
the ripple will increase to approximately double because 
the frequency drops from 120 to 60 Hz. 

4-31. Answer: Since an electrolytic capacitor is polarity- 
sensitive, if it is put in backward, it will be destroyed 
and the power supply will act as if it did not have a 
filter. 

4-32. Answer: Vp will remain the same, DC output equals V P , 
Vfipple = 0 V. 

4-33. Answer: Since this is a positive clipper, the maximum 
positive will be the diode’s forward voltage, and all the 
negative will be passed through. Maximum positive is 
0.7 V, and maximum negative is -50 V. 



Output waveform for Prob. 4-33. 


4-34. Answer: Since this is a negative clipper, the maximum 
negative will be the diode’s forward voltage, and all the 
positive will be passed through. The maximum positive 
is 24 V, and the maximum negative is -0.7 V. 



Output waveform for Prob. 4-34. 


4-35. Answer: The limit in either direction is two diode 
voltage drops. Maximum positive is 1.4 V, and 
maximum negative is -1.4 V. 

4-36. Given: 

DC voltage 15 V 
= 1 kD 
R 2 = 6.8 kD 


Solution: 

Voltage at the cathode is found by using the voltage 
divider formula. 

4 = [Wi + «2)]4 (Eq. 4-18) 

F bias = [1 kD/(l k£2 + 6.8 kD)]15 V 
F bias = 1.92 V 

The clipping voltage is the voltage at the cathode and 
the diode voltage drop. 

F clip = 1.92 V + 0.7 V 
F cUp = 2.62 V 

Answer: Since it is a positive clipper, the positive 
voltage is limited to 2.62 V and the negative to -20 V. 



Output waveform for Prob. 4-36. 


4-37. Answer: The output will always be limited to 2.62 V. 

4-38. Answer: Since this is a positive clamper, the maximum 
negative voltage will be -0.7 V and the maximum 
positive will be 29.3 V. 



Output waveform for Prob. 4-38. 


4-39. Answer: Since this is a negative clamper, the maximum 
positive voltage will be 0.7 V and the maximum 
negative will be -59.3 V. 



Output waveform for Prob. 4-39. 


4.40. Answer: The output will be 2V P or V pp , which is 40 V. If 
the second approximation is used, the maximum for the 
clamp will be 39.3 V instead of 40 V, and since there is 
also a diode voltage drop, the output would be 38.6 V. 


Output waveform for Prob. 4-40. 

4-41. Given: 

Turns ratio = N\/N 2 = 1:10 = 0.1 

Vt= 120 Vac 

Solution: 

V 2 =V l l(N l IN 2 ) (Eq. 4-5) 

V 2 = 120 Vac/0.1 
V 2 = 1200 Vac 

V P = 1.414 V ms 
V P = 1.414(1200 Vac) 

V P = 1696.8 V 

Since it is a doubler, the output is 2V P . 

F ou t = 2 V P 

F out = 2 (1696.8 V) 

F out = 3393.6 V 

Answer: The output voltage will be 3393.6 V. 
4-42. Given: 

Turns ratio = N\!N 2 = 1:5 = 0.2 
V\ = 120 V ac 
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Solution: 

V 2 = Vil(N\IN 2 ) (Eq. 4-5) 

V 2 = 120 Vac/0.2 
V 2 = 600 V ac 

Vp = 1.414 Vjms 
V P = 1.414(600 Vac) 

V P = 848.4 V 

Since it is a tripler, the output is 3 V P 

Ecu, = 3 V P 

E out = 3 (848.4 V) 

V out = 2545.2 V 

Answer: The output voltage will be 2545.2 V. 
4-43. Given: 

Turns ratio = N\/N 2 = 1:7 = 0.143 
V\ = 120 V ac 

Solution: 

V 2 =Vil(N x IN 2 ) (Eq. 4-5) 

V 2 = 120 Vac/0.143 
V 2 = 839.2 V ac 

V P = 1.414 V ms 
V P = 1.414(839.2 Vac) 

V P = 1186.6 V 

Since it is a quadruples the output is 4V P 

Ecu, = 4 V P 

E out = 4(1186.6 V) 

E out = 4746.4 V 

Answer: The output voltage will be 4746.4 V. 


CRITICAL THINKING 

4-44. Answer: If one of the diodes shorts, it will provide a low 
resistance path to either blow a fuse or damage the other 
diodes. 

4-45. Given: 

Turns ratio = N\/N 2 = 8: 1 = 8 
E, = 120 V ac 

Solution: 

V 2 =Vil(N x IN 2 ) (Eq. 4-5) 

V 2 = 120 Vac/8 
E 2 = 15 Vac 

V P = 1.414 V ms 
Vp= 1.414(15 Vac) 

V P = 21.21 V 

Since each resistor is in the same current path and both 
have the same value, they equally divide the voltage. 
Since they both have a capacitor input filter, they divide 
the peak voltage. 

Answer: Each power supply has 10.6 V, but the load 
connected to the right side of the bridge is a positive 
10.6 V and the load connected to the left side is a 
negative 10.6 V. 

4-46. Given: 

V P = 21.21 V P from Prob. 4-1 
R = 4.7 Q. 

Solution: The maximum surge current would be all of 
the peak voltage dropped across the resistor. 


I=VIR (Ohm’s law) 

7=21.21 V/4.70 
7=4.51 A 

Answer: The maximum surge current will be 4.51 A. 

4-47. Answer: The signal is a sine wave, and thus the shape of 
the curve is a function of sine. The formula for the 
instantaneous voltage at any point on the curve is E = 
EpSinO. Using this formula, calculate the values for each 
point on the curve, add all 180 of the 1 ° points together 
and divide by 180. 

4-48. Given: 

Turns ratio = NJN 2 = 8:1=8 
Ej=120Vac 

Solution: 

E 2 = Vi/(Ni/N 2 ) (Eq. 4-5) 

V 2 = 120 Vac /8 
E 2 = 15 Vac 

V P = 1.414 V™ 

V P = 1.414(15 Vac) 

V P = 21.21 V 

With the switch in the shown position, it is a bridge 
rectifier with a capacitor input filter. Thus the output 
voltage would be 21.21 V. 

With the switch in the other position, it is a full-wave 
rectifier with a capacitor input filter. Since it is a center- 
tapped transformer, the peak voltage is half. 

Vp= 10.6 V P 

The output would be 10.6 V. 

Answer: With the switch in the shown position, 21.21 V; 
with the switch in the other position, 10.6 V. 

4-49. Answer: Both capacitors will charge to approximately 
56 mV with opposite polarities. V out will equal 56 mV - 
56 mV. V out will equal zero volts. 

4-50. Fault 1—Since the load voltage is 0.636 of the peak 
voltage, the capacitor input filter is not doing its job; 
thus the capacitor is bad. 

Fault 2—Since the load voltage dropped a little and the 
ripple doubled, one of the diodes is open; this causes 
the frequence of the ripple to drop to half, which in 
turn causes the ripple to double. 

Fault 3—Since Fj is zero, the fuse must be blown. Since 
the load resistance is zero, the load resistor is shorted. 
This caused the excessive current in the secondary, 
which fed back to the primary and blew the fuse. 

Fault 4—Since E 2 is good and all other voltages are bad, 
the transformer and fuse are good. R and C are good: 
thus either all four diodes opened (not likely) or there 
is an open in the ground circuit. 

Fault 5—Since fj is zero, the fuse must be blown. 

Fault 6 —The load resistor is open. No current is drawn, 
and thus there is no ripple. 

Fault 7—Since Fj is good and E 2 is bad, the transformer 
is the problem. 

Fault 8 —Since Fj is zero, the fuse must be blown. Since 
the capacitor reads zero, the capacitor is shorted. This 
caused the excessive current in the secondary, which 
fed back to the primary and blew the fuse. 

Fault 9—Since the load voltage is 0.636 of the peak 
voltage, the capacitor input filter is not doing its job 
and thus the capacitor is bad. 
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Chapter 5 Special-Purpose Diodes 

SELF-TEST 


1. d 

9. c 

17. c 

25. b 

2. b 

10. b 

18. c 

26. d 

3. b 

11. c 

19. b 

27. a 

4. a 

12. a 

20. b 

28. c 

5. a 

13. b 

21. a 

29. b 

6. c 

14. d 

22. c 

30. b 

7. c 

15. d 

23. c 

31. d 

8. a 

16. a 

24. c 

32. a 


JOB INTERVIEW QUESTIONS 

3. The zener regulation is dropping out of regulation during 
worst-case conditions of low line voltage and high load 
current. 

4. The LED is connected backward, or the LED current is 
excessive either because the series resistor is too small or 
the driving voltage is too high. 

5. The basic idea is that a varactor is a voltage-controlled 
capacitance. By using a varactor as part of an LC tank 
circuit, we can control the resonant frequency with a dc 
voltage. 

6 . To provide a high degree of electrical isolation between 
input and output circuits. 

7. The cathode lead is shorter than the anode lead. Also, the 
flat side of the dome package is the cathode. 


PROBLEMS 

5-1. Given: 

V S =24V 
V z = 15 V 
R s = 410Cl 
Solution: 

Is = Iz=(V s -V z )/R s (Eq. 5-3) 

I s = I z = (24 V - 15 V)/)470 Cl) 

I S = I Z = 19.1 mA 

Answer: The zener current is 19.1 mA. 

5-2. Given: 

V s = 40 V 
V z — 15 V 
R s =410Cl 

Solution: 

Is = Iz=(V s -V z )/R s (Eq. 5-3) 

I z = (40 V - 15 V)/470 Cl 
I z = 53.2 mA 

Answer: The maximum zener current is 53.2 mA. 
5-3. Given: 

Vs = 24 V 
V z = 15 V 
R s = 470 Cl ± 5% 

R-S( max) = 493.5 O 
Rs(min) ~ 446.5 Cl 

Solution: 

h ~ Iz(max) = (F? “ ^z)lRs(mm) (Eq. 5-3) 

I s = I z = (24 V - 15 V)/(446.5 Cl) 

I S = I Z = 20.16 mA 

Answer: The maximum zener current is 20.16mA. 
5-4. Given: 

V S — 24V 
V z = 15 V 


R s = 410Cl 
R L =\5kCl 

Solution: 

V L = [R l /(R s + R[)]V s (Voltage divider formula) 

F £ = [ 1.5 kO/(470 Cl + 1.5 k£2)]24 V 
V L = 18.27 V 

Answer: The load voltage is 18.27 V. 

5-5. Given: 

F s =24 V 
V Z =15V 
R s = 470 Cl 
R l = 1.5 k Cl 

Solution: 

Is=(V s -V z )/R s (Eq. 5-3) 

Is = (24 V- 15 V)/470 Cl 
I s = 19.15 mA 

1 1 = VJR L (Eq. 5-5, Ohm’s law) 

I l =\5 V/1.5 kO 
I L = 10 mA 

I 7 = Is ~ I (Eq. 5-6, Kirchhoff s current law) 

I z = 19.15 mA- 10 mA 
I z = 9.15 mA 

Answer: The series current is 19.15 mA, the zener 
current is 9.15 mA, and the load current is 10 mA. 

5-6. Given: 

V S =24V 
V z = 15 V 
R s =410 Cl ± 5% 

^S(max) = 493.5 Cl 
Rs(min) = 446.5 Cl 
R l = 1.5 kO 
Ru max)= 1.575 kO 
Kl|mm) = 1.425 kO 

Solution: Looking at Eq. (5-6), the maximum zener 
current would occur at a maximum series current and a 
minimum load current. To achieve these conditions, the 
series resistance would have to be minimum and the 
load resistance would have to be maximum. 

Is=(V s -V z )/R smn) (Eq. 5-3) 

Is = (24 V - 15 V)/446.5 Cl 
I s = 20.16 mA 

I L = Fi/i? i(max) (Eq. 5-5. Ohm’s law) 

I L = 15 V/1.575 kO 
I L = 9.52 mA 

Iz = Is ~h (Eq. 5-6, Kirchhoff s current law) 

I z = 20.16 mA -9.52 mA 
I z = 10.64 mA 

Answer: The maximum zener current is 10.64 mA. 

5-7. Given: 

F s =24 Vto 40 V 
V z = 15 V 
R s = 410Cl 

Solution: Maximum current will occur at maximum 
voltage. 

Is=(Vs-V z )/R s (Eq. 5-3) 

Is = (40 V - 15 V)/470 O 
I s = 53.2 mA 

II = Vj/Ri (Eq. 5-5, Ohm’s law) 

I L = 15 V/1.5 kO 
I L = 10 mA 
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5-11. Given: 


I z = Is-b (Eq. 5.6, Kirchhoff s current law) 
I z = 53.2 mA -10 mA 
I z = 43.2 mA 

Answer: The maximum zener current is 43.2 mA. 
5-8. Given: 

V S =24V 
V z = 12 V 
R s = 47012 
R l = 1.5 k!2 


f/s= 21.5 to 25 V 
R s = 47011 
R z = 14 £2 
V z = 15 V 

Solution: 

Is=(V s -V z )/R s (Eq. 5-3) 
I s = (25 V - 15 V)/470 £2 
I s = 21.28mA 


Solution: 

V L = V z = 12 V 

Is=(Vs-V z )/R s (Eq. 5-3) 

Is = (24 V - 12 V)/470 12 
I s =25.5 mA 

h = VJRl (Eq. 5-5, Ohm’s law) 

Ii = 12 V/1.5 k!2 
I L — 8 mA 

Iz = b~ b (Eq. 5-6, Kirchhoff s current law) 
I z —25.5 mA - 8 mA 
I z = 17.5 mA 

Answer: The load voltage is 12 V and the zener current 
is 17.5 mA. 

5-9. Given: 

V S =20V 
V z = 12 V 
R s = 330 0 
R l = 1 k!2 

Solution: 

V L =V Z = 12 V 

Is=(Vs-V z )/R s (Eq. 5-3) 

Is = (20 V - 12 V)/330 12 
I s = 24.24 mA 

b = VJRl (Eq. 5-5, Ohm’s law) 

I L = 12 V/l k!2 
I L = 12 mA 

b = Is ~ It (Eq. 5-6, Kirchhoff s current law) 

I z = 24.24 mA- 12 mA 
I z = 12.24 mA 

Answer: The load voltage is 12 V, and the zener current 
is 12.24 mA. 


Rl 
1 k!2 



b = VJR l (Eq. 5-5, Ohm’s law) 

I L = 15 V/1.5 k!2 
I L = 10 mA 

I z = Is~ h (Eq. 5-6, Kirchhoff s current law) 

I z = 21.28 mA- 10 mA 
I z = 11.28 mA 

A V l = I z Rz (Eq. 5-7) 

AV l = (11.28 mA)(1412) 

AV L = 157.9 mV 

Is ~ (V s - V z )/R s (Eq. 5-3) 

7^= (21.5 V - 15 V)/470 12 
I s = 13.83 mA 

II = VJRl (Eq. 5-5, Ohm’s law) 

I L = 15 V/1.5 k!2 
b = 10 mA 

Iz = Is - I, (Eq. 5-6, Kirchhoff s current law) 

I z = 13.83 mA -10 mA 
1 7 = 3.83 mA 

AV l = I z Rz (Eq. 5-7) 

AV l = (3.83 mA)(140) 

AV l = 53.6 mV 

Answer: The load voltage changes from 15.054 V when 
the supply is 21.5 V, to 15.158 V when the supply is 
25 V. 

5-12. Given: 

V s =24 V 
7?s= 470 Q 
R l =1.5 kO 
V z = 15 V 

Solution: The regulation is lost once the load voltage 
drops below 15 V. 

V L = [(Rl)/(Rs + 7?i)]V s (Voltage divider fonnula) 
Vs=VJ[RJ(R s +Rl)\ 

V s = 15 V[(1.5 kO)/(470 0+1.5 k£2)] 

V s = 19.7 V 

Answer: The regulation will be lost when the source 
voltage drops below 19.7 V. 

5-13. Given: 


Zener regulator for Prob. 5-9. 

5-10. Given: 

Rs= 470 Q 
R z = 14 Q 

Vjt(in) = 1 Vpp 

Solution: 

V H ^=%V Rim) (Eq. 5-8) 

Vg( 0Ut ) = (14 12/470 12)/1 Vpp 
ffl(out) = 29.8 mVpp 

Answer: The ripple voltage across the load resistor is 
29.8 mVpp. 


V s = 20 to 26 V 
7? s = 470 Cl 
R l = 500 to 1.5 kO 
V z = 15 V 

Solution: The regulation is lost once the load voltage 
drops below 15 V. 

b = VJRl (Eq. 5-5, Ohm’s law) 

I L = 15 V/1.5 k£2 

^S(max) [(Es(min/Ez) — l]7? i(min) (Eq. 5-9) 

7?S(max) = [(20 V/l5 V) - 1J500 fl 
7?S(max) = 167 12 
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Answer: The regulator will fail since the series resistor is 
greater than the maximum series resistance. For this 
regulator to work properly, the series resistor should be 
167 Q or less. 

5-14. Given: 

F$ = 18 to 25 V 
R s = 470 ST 
//, = I to 25 mA 
F z = 15 V 

Solution: 

R s^= (Eq. 5-10) 

^s ( max) = [(18 V - 15V)/25 mA 
R S( max) = 120 12 

Answer: Yes, the regulator will fail since the series 
resistance is greater than the maximum series resistance. 
For this regulator to work properly, the series resistor 
should be 120 12 or less. 

5-15. Given: 

V S =24V 
R s = 47012 
F z = 15 V 

Solution: 

7?S(max) = [(Fymin/lz) — l]7?I(min) (Eq. 5-9) 

Rl( min) R.S(max/[(VS(mm/V z ) - 1] 

Hi(mbi) = 470 12/[(24 V/15 V) - 1] 

7^Z,(min) = 783 12 

Answer: The minimum load resistance is 783 12. 

5-16. Given: 

V z = 10 V 
Iz = 20 mA 

Solution: 

Pz=V z I z (Eq. 5-11) 

P z = (10 V)(20mA) 

P z = 0.2 W 

Answer: The power dissipation is 0.2 W. 

5-17. Given: 

V z = 20 V 
Iz — 5 m A 

Solution: 

Pz=V z I z (Eq. 5-11) 

Pz = ( 20 V)(5 mA) 

P z = 0.1 W 

Answer: The power dissipation is 0.1 W. 

5-18. Given: 

V s =24 V 
R s = 47012 
R l = 1.5 k!2 
F z =15 V 

I s = 19.15 mA (from Prob. 5-5) 

I L = 10 mA (from Prob. 5-5) 

F z = 9.15 mA (from Prob. 5-5) 

Solution: 

P = I 2 R 

Ps~ (19.15 mA) 2 (47012) 

P s = 172.4 mW 

P = I 2 R 

P L = (10 mA) 2 (1.5 k!2) 

Pz=150mW 


Pz= VI 

P z = (15 V)(9.15 mA) 

P z = 137.3 mW 

Answer: The power dissipation of the series resistor is 
172.4 mW. The power dissipation of the load resistor 
is 150 mW. The power dissipation of the zener diode is 
137.3 mW. 

5-19. Given: V z = 15 V ± 5%. The tolerance is in note 1 on the 
data sheet. 

Solution: 

(15 V)(0.05) = 0.75 V 
15 V + 0.75 V= 15.75 V 
15 V- 0.75 V= 14.25 V 

Answer: The minimum voltage of 14.25 V and the 
maximum voltage is 15.75 V. 

5-20. Given: 

T= 100°C 
Solution: 

100°C - 50°C = 50°C 
Derating factor 6.67 mW/°C 

Answer: P = 667 mW 
5-21. Given: 

P's = 24 V 
R s = 410 12 
R l = 1.5 kfl 
Rz= 15 V 

Solutions: 

a. With the diode in parallel with the load, the load 
resistor is also effectively shorted and the output 
voltage would be 0 V. 

b. With the diode open, the load resistor and the series 
resistor fonn a voltage divider: 

V L = [Rl/(Rs + T^i)] V s (Voltage divider fonnula) 
V L = [ 1.5 kf2/(470 12+1.5 kf2)]24 V 
V L = 18.27 V 

c. With the series resistor open, no voltage reaches the 
load; thus the output voltage would be 0 V. 

d. The voltage drop across a short is 0 V. 

Answers: 

a. 0 V 

b. 18.27 V 

c. 0 V 

d. 0 V 

5-22. Answer: From the previous problem, the only trouble 
that caused this symptom is an open zener diode. 

5-23. Answer: Check the series resistor. If it is shorted, it 
could damage the diode. If it had been operating 
correctly, the output voltage should have been 18.3 V. 

5-24. Answers: 

a. If the V130LA2 is open, it will remove the over 
voltage protection and the LED will remain lit. 

b. If the ground is opened, there is no path for current 
and thus the LED will not be lit. 

c. If the filler capacitor is open, the voltage will have 
more ripple but the LED should remain lit. 

d. If the filter capacitor is shorted, the voltage across all 
devices in parallel with it will be zero; thus the LED 
will not be lit. 

e. If the 1N5314 is open, it will have no effect on the 
LED. 
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f. If the 1N5314 is shorted, the voltage across all 
devices in parallel with it will be zero; thus the LED 
will not be lit. 

5-25. Given: 

V s = 15 V 
V d = 2V 
=2.2 kf2 

Solution: 

Is=(V s -V d )/R s (Eq. 5-13) 

4 = (15 V-2 V)/2.2kf2 
I s = 5.91 mA 

Answer: The diode current is 5.91 mA. 

5-26. Given: 

Vg= 40 V. 

V d =2V 

R s =2.2kCl 

Solution: 

Is=(V s -V d )/R s (Eq. 5-13) 

I s = (40 V-2 V)/2.2 kX2 
I s = 17.27 mA 

Answer: The diode current is 17.27 mA. 

5-27. Given: 

V s = 15 V 
V d = 2V 
R s = 1 k ci 

Solution: 

I s =(Vs-V d )/R s (Eq. 5-13) 

7$ = (15 V-2 V)/l kfl 
I s = 13 mA 

Answer: The diode current is 13 mA. 

5-28. Answer: From Prob. 5-27, the resistor value will be 1 kfl. 

CRITICAL THINKING 

5-29. Given: 

V S =2A V 
R S =A10C1 
R z = 14 Cl 
V z = 15 V 

Solution: 

's=(V s - V z )/R s (Eq. 5-3) 

I s = (24 - 15)/470 Cl 
I s = 19.15 mA 

h = VJR l (Eq. 5-5, Ohm’s law) 

I L = 15 V/1.5kO 
I L = 10 mA 

I 7 =h- It (Eq. 5-6, Kirchhoff s current law) 

7 Z = 19.15 mA-10 mA 
7 Z =9.15 mA 

AV, = I Z R Z (Eq. 5-7) 

AVi = (9.15 mA)(14 Cl) 

AF l = 128.1 mV 

V L = 15.128 V or approximately 15.13 V 
Answer: The load voltage would be 15.13 V. 

5-30. Given: 

V S =2A V 
7?y=470O 


R z = 14 Cl 
F Z =15V 
R l = 1 kO to 10 kO 

I s = 19.15 mA (from Prob. 5-29) 
Solution: 


^Z(max) V l !Rl( min) (Eq. 5-5, Ohm’s law) 

/ i( max)=15V/lkn 
fl(max) = 15 mA 

In min) = fz/7? i(max) (Eq. 5-5, Ohm’s law) 

/i(mm)«15 V/10k£2 
h( min)= 1.5 mA 

7 Z (min) = Is-h( max) (Eq. 5-6, Kirchhoff s current law) 

4(min) = 19.15 mA - 15 mA 
fz(min) = 4.15 mA 

7 Z (max) = Is- fi(min) (Eq. 5-6, Kirchhoff s current law) 

fz(max) = 19.15 mA - 1.5 mA 
4(max) = 17.65 mA 

AV L ( min ) = I Z ( m in)R Z 
AK i(mm) = (4.15rnA)(14 0) 

APi (min) = 58.1 mV 

AEL (max ) = I Z ( m ax)Rz 

AK i(max) = (17.65 mA)(14fi) 

AK i(max) = 247.1 mV 

V L(min) = 15.058 V 
F i(max) = 15.247 V 

Answer: The minimum load voltage would be 15.06 V 
and the maximum voltage would be 15.25 V. 

5-31. Given: 


V S =20V 
V z = 6.8 V 
V L = 6.8 V 
I L = 30 mA 

Solution: 


7?S(max) — [(ls(mi„)- F z )/7 i(max) ] (Eq. 5-10) 

%n,ax)=[(20V-6.8 V)/30mA] 

7?S(max) = 440 Q 

Rs( min) = [(Ej— Vz)Hzm ] 

7?s ( min, = [(20 V - 6.8 V)/55 mA] 

7?S(min) = 240 Cl 

Answer: Any similar design as long as the zener voltage 
is 6.8 V and the series resistance is less than 440 O, to 
provide the desired maximum output current, and 
greater than 240 O, if a 1N957B is used to prevent 
overcurrent if it becomes unloaded. The load resistance 
does not need to be specified because, as a power 
supply, the load resistance can vary. The only load 
parameter that is necessary is maximum current, and it is 
given. 



Zener regulator for Prob. 5-31. 


5-32. Given: V LED = 1.5 to 2 V 

7led = 20 mA 
V S =5V 
7max= 140 mA 
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Solution: 

Rs = [(Fs - ^LED(min))/^LED] 

R s = [(5 V- 1.5 V)/20 Ill A] 

R s = 175 72 

Answer: Same as Fig. 5-20 with resistor values of 175 72, 
which limits each branch to a maximum of 20 mA and a 
total of 140 mA. 

5-33. Given: 

Fu n e = 115 V ac ± 10% 

F Sec = 12.6 Vac 
R 2 = 560 72 ± 5% 

R Z =1Q. 

F z = 5.1 V± 5% 

Solution: To find the maximum zener current, the 
maximum secondary voltage, the minimum zener 
voltage, and the minimum resistance of R 2 must be 
found. If the line voltage varies by 10 percent, the 
secondary voltage should also vary by 10 percent. 

fsec(max) = Fs ec + Kgec (10%) 

fsec(max) = 12.6 V ac + 12.6 V ac (10%) 
f'seclmax) 13.86 V ac 

Vp= 1.414 Vac 
Vp= 1.414(13.86 Vac) 

V P = 19.6 V 

V z = 5.1 V ± 5% 

V z = 5.1 V- [(5.1 V) (5%)] 

F z = 4.85 V 

R 2 = 560 72 ± 5% 

R 2 = 560 72- [(560 72) (5%)] 

R 2 = 532 Cl 

The circuit can be visualized as a series circuit with a 
19.6 V power supply, a 532 72 R 2 , a 7 72 R z , and a 4.85 V 
zener diode. 

Is = (Vs-V z )/R s +R z ) (Eq. 5-13) 

Is = (19.6 V - 4.85 V)/(532 72 + 7 72) 

4= 27.37 mA 

Answer: The maximum diode current is 27.37 mA. 

5-34. Given: 

Fs ec = 12.6 Vac 
V D = 0.7 V 
FiN 53 i 4 = 4.7 mA 
4 ed = 15.6 mA 
/ z = 21.7 mA 
C= 1000 pF ± 20% 
f n = 60 Hz 

Solution: The dc load current is the sum of all of the 
loads. 

I = 2in5314 + 4ed + 4 

7=4.7 mA+ 15.6 mA + 21.7 mA 

7= 42 mA 

/out = 2/ n (Eq. 4-7) 

/out = 2(60 Hz) 

/„u, = 120 Hz 

The minimum capacitance will give the maximum ripple. 

C= 1000 pF ± 20% 

C= 1000 pF - 1000 pF (20%) 

C = 800 pF 

V R = I/(fC) (Eq. 4-10) 

V R = 42 mA/(120 Hz)(800 pF) 

Vjt = 0.438 V 


Answer: The maximum ripple voltage will be 0.438 V. 

5-35. Given: 

V s =6 Vac 
V D = 0.25 V 

Solution: 

V P (in) = 1.414 V ms 
Vp(in) = 1.414 (6 V ac) 
lp ( in) = 8.48 V 

Vp (out ) = Vp(i n ) - 0.5 V (Eq. 4-8; the 1.4 was changed 

to reflect using Schottky diodes) 

Vn out) = 7.98 V 

Answer: The voltage at the filter capacitor is 7.98 V. 

5-36. Troubles: 

1. Open R s , since there is voltage at A and no voltage at 
5; also could be a short from B or C to ground. 

2. Open between B and D or an open at E. Since the 
voltages at B and C are 14.2 V, which is the voltage 
that would be present if the circuit were just a voltage 
divider with no zener diode, suspect something in the 
diode circuit. Since the diode is good, it is either an 
open between B and D or an open at E. 

3. The zener is open. Since the voltages at B and C are 
14.2 V, which is the voltage that would be present if 
the circuit were just a voltage divider with no zener 
diode, suspect something in the diode circuit. Since 
the diode reads an open, it is bad. 

4. R s shorted, which caused the zener to open. With all 
the voltages at 18 V, the problem could be an open in 
the return path. But the zener is open, and the most 
likely cause of that is overcurrent. The only device that 
could short and cause the zener to bum open is R s . 

5-37. Troubles: 

5. Open at A. Since all the voltages are zero, the power 
must not be getting to the circuit. 

6 . Open R l , an open between B and C, or an open 
between R L and ground. To solve this problem, the 
second approximation must be used. With the load 
resistor operating normally, only part of the total 
current flows through the zener, which causes the 0.3- 
V increase from its nominal voltage. But when the load 
resistor opens, all the total current flows through the 
diode, causing the voltage drop across the internal 
resistance to increase to 0.5 V. 

7. Open at E. Since the voltages at B, C, and D are 14.2 
V, which is the voltage that would be present if the 
circuit were just a voltage divider with no zener diode, 
suspect something in the diode circuit. Since the diode 
reads OK, that only leaves an open in the return path. 

8 . The zener is shorted or a short from B, C, or D to 
ground. Since the voltages at 5, C, and D are 0, and A 
is 18 V, this could be caused by an open R s or a short 
from B, C, or D to ground. Since the diode reads 0 72, 
it confirms that the fault is a short. 


Chapter 6 

Bipolar Transistors 


SELF-TEST 




l.b 

9. b 

17. d 

25. a 

2. a 

10. a 

18. b 

26. c 

3. d 

11. a 

19. a 

27. d 

4. a 

12. b 

20. a 

28. c 

5. c 

13. d 

21. b 

29. a 

6. a 

14. b 

22. b 

30. a 

7. b 

15. a 

23. b 


8. b 

16. b 

24. c 
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JOB INTERVIEW QUESTIONS 

6. A transistor or semiconductor curve tracer. 

7. Since there is almost zero power dissipation at saturation 
and cutoff, I would expect that the maximum power 
dissipation is in the middle of the load line. 

10. Common emitter. 

PROBLEMS 

6-1. Given: 

4 — 10 mA 
I c = 9.95 mA 

Solution: 

4 = 4 + 4 (Eq. 6-1) 

4 = 4 _ Ic 

I B = 10 mA -9.95 mA 
I B = 0.05 mA 

Answer: The base current is 0.05 mA. 

6-2. Given: 

I c = 10 mA 
I B = 0.1 mA 

Solution: 

Pdc = IcJlB 

Pdc = 10 mA/0.1 mA 
Pdc =100 

Answer: The current gain is 100. 

6-3. Given: 

I B = 30 pA 
Pdc =150 
Solution: 

Ic = Pdc4 

7 C = 150(30 pA) 

I c = 4.5 mA 

Answer: The collector current is 4.5 mA. 

6-4. Given: 

I c = 100 mA 
Pdc = 65 
Solution: 

4 = 4/|Pdc (Eq. 6-5) 
l R = 100 mA/65 
4= 1.54 mA 
I e = Ib + Ic 

4= 1.54 mA+ 100 mA 

Answer: The emitter current is 101.54 mA. 

6-5. Given: 

Vbb = 10 V 
Rg = 470 k£2 
V BE = 0.7 V 

Solution: 

Ib = [(V bb -V be )/R b \ (Eq. 6-6) 

4 = [(10 V-0.7 V)/470 kfi] 

4 = 19.8 pA 

Answer: The base current is 19.8 pA. 

6-6. Answer: The base current is unaffected by the current 
gain since 9.3 V/470 kll always equals 19.8 pA. The 
current gain will affect the collector current in this 
circuit. 


6-7. Given: 

V BB = 10 V 
R B = 470 kfi ± 5% 


Solution: 

The minimum resistance will yield the maximum 
current. 

4 = 470kfl±5% 

R B = 470 kfi - 470 kST(5%) 

4 = 446.5kfi 

l B = [(V BB - 1444] (Eq. 6-6) 

4 = [(10 V - 0.7 V)/446.5 k£2] 

4 = 20.83 pA 

Answer: The base current is 20.83 pA. 

6-8. Given: 

4=6 mA 
4=1.5kST 
V C c= 20 V 
Solution: 

Vcf~ Vrr — IcRc 

V C e = 20 V - (6 mA)(l .5 kO) 

V CE = 11 V 

Answer: The collector to emitter voltage is 11 V. 

6-9. Given: 

4= 100 mA 
V CE = 3.5 V 
Solution: 

Pd=V ce Ic (Eq. 6-8) 

4, = (3.5 V)( 100 mA) 

P D = 350 mW 

Answer: The power dissipation is 350 mW. 

6-10. Given: 

V BB = 10 V 
Rg = 470 kfi 

V BE = 0.7 V (second approximation) 

V BE =0V (ideal) 

R e = 820 
V cc = 10 V 
Pdc = 200 
Solution: 

Ideal 

Ib = [{V bb -V be )IR b \ (Eq. 6-6) 

4 = [(10 V-0 V)/470 kST] 

4 = 21.28 pA 

Ic = Pdc4 

4 = 200(21.28 pA) 

4 = 4.26 mA 

Vce = I( (— l (R ( 

V CE = 10 V - (4.26 mA)(820 fl) 

V CE = 6.5 V 

PD = VceIc 

4 = (6.5 V)(4.26mA) 

4 = 27.69 mW 
2nd Anmoximation 

l B =[(V BB -V BF )IR n \ (Eq. 6-6) 

4=[(10V-0.7 V)/470 kfl] 

4=19.8pA 

Ic = Pdc^a 
4 = 200(19.8 pA) 

4= 3.96 mA 
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Vce — 17 (■ — 1 (R E 

V CE = 10 V - (3.96 mA)(820 Q) 

V CE = 6.75 V 

Pd V C eIc 

P D = (6.75 V)(3,96 mA) 

P D = 26.73 mW 

Answer: The ideal collector-emitter voltage is 6.5 V and 
power dissipation is 27.69 mW. The second 
approximation collector-emitter voltage is 6.75 V and 
the power dissipation is 26.73 mW. 

6-11. Given: 

Vbb = 5 V 
R B = 330 kll 

F 5£ = 0.7 V (second approximation) 

F ffi = 0V (ideal) 

R c = 1.2 kll 
V cc = 15 V 
Pdc =150 
Solution: 

Ideal 

Ib = [{V bb -V be )IR b ] (Eq. 6-6) 

4 = [(5 V - 0 V)/330 kfl] 

4= 15.15 pA 

4 = Pdc4 

4= 150(15.15 pA) 

I c = 2.27 mA 

Fce = 1( (— l (R ( 

V CE = 15 V - (2.27 mA)( 1.2 kfl) 

K ci r= 12.28 V 

Pd = R<:fJc 

P D = (12.28 V)(2.27mA) 

P D = 27.88 mW 

2nd Annroximation 

4=[(E M -K S£ )/i? 5 ] (Eq. 6-6) 

4= [(5 V-0.7 V)/330 kfl] 

4 = 13.3 pA 

4 = Pdc4 

4= 150(13.03 pA) 

4= 1.96 mA 

17 77 " Err — IrRr 

V CE = 15 V - (1.96 mA)( 1.2 kfi) 

K ci r= 12.65 V 

Pd~ VceIc 

P D = (12.65 V)(1.96mA) 

P fl = 24.79 mW 

Answer: The ideal collector-emitter voltage is 12.28 V 
and power dissipation is 27.88 mW. The second 
approximation collector-emitter voltage is 12.65 V, and 
power dissipation is 24.79 mW. 

6-12. Given: 

= 12 V 
R b = 680 kll 

Vbe = 0.7 V (second approximation) 

V BE = 0 (ideal) 

R c = 1.5 kfl 
V cc = 12 V 
P dc =175 
Solution: 

I B =[(y BB -V BE )IR B \ (Eq. 6-6) 


4= [(12 V-0)/680kll] 

4= 17.6 pA (ideal) 

4= [(12 V-0.7 V)/680 k£2] 

4 = 16.6 pA (second approximation) 

4 = Pdc4 (Eq. 6-4) 

4= 175(17.6 pA) 

4= 3.08 mA (ideal) 

4= 175(16.6 pA) 

4= 2.91 mA (second approximation) 

Vce=V cc -IcRc (Eq. 6-7) 

V CE = 12 V - (3.08 mA)(1.5 kfl) 

V CE = 7.38 V (ideal) 

V CE = 12 V-(2.91 mA)(1.5 kfi) 

Vce~7 .64 V (second approximation) 

P D = V CE 1 C (Eq. 6-8) 

P D = (7.38 V)(3.08 mA) 

P D = 22.73 mW (ideal) 

P D = ( 7.64V)(2.91 mA) 

Pd = 22.23 mW (second approximation) 

Answer: The ideal collector-emitter voltage is 7.38 V, 
and power dissipation is 22.73 mW. The second 
approximation collector-emitter voltage is 7.64 V, and 
power dissipation is 22.23 mW. 

6-13. Answer: From the maximum ratings section, -55 to 
+ 150°C. 

6-14. Answer: From the on characteristics section, 70. 

6-15. Given: 

Pd( max) = 1 W 

4= 120mA 
V CE = 10 V 

Solution: 

Pd = V CE Ic (Eq. 6-8) 

4, = (10 V)(120mA) 

P D = 1.2 W 

Answer: The power dissipation has exceeded the 
maximum rating, and the transistor’s power rating is 
damaged and possibly destroyed. 

6-16. Given: 

P D = 625 mW 
Temperature = 65°C 

Solution: 

AT = 65 °C - 25 °C 
AT = 40°C 

A P = AT (derating factor) 

A P = 40°C(2.8 mW/°C) 

AP =112 mW 

P D{ max) = 350 mW - 112 mW 
PD{max) = 238 mW 

Answer: The transistor is operating outside of its limits; 
the power rating is affected. 

6-17. a. Increase: With the base resistor shorted, the base- 
emitter junction will have excessive current and will 
open, stopping all conduction. Thus source voltage is 
read from collector to emitter, 
b. Increase: With the base resistor open, the transistor 
goes into cutoff and source voltage is read from 
collector to emitter. 
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Pd ~ V C eIc 
l c = PeJVce 

I c = 280 mW/10 V 
I ( = 28 mA 

Answer: The maximum collector current is 28 mA. 

6-23. Given: 

V BB =10V 
R b = 470 kfi 

V BE = 0.7 V (second approximation) 

74 = 820 12 
V cc = 10 V 
Pdc = 200 
Solution: 

Ib = [(V bb -V be )IR b \ (Eq. 6-6) 

4= [(10 V-0.7 V)/470 k£2] 

I B — 19.8 pA 

4 = Pdc4 
4=200(19.8 pA) 

4= 3.96 mA 

Answer: The LED current is 3.96 mA. 

6-24. Answer: V CE (snt) = 0.3 V 

6-25. Answer: An increase in V BB causes the base current to 
increase, and, since the transistor is controlled by base 
current, all other dependent variables increase except 
V C e, which decreases because of the transistor being 
further into conduction. 

6-26. Answer: The increase in V cc had no effect on the base 
circuit, which means that it also had no effect on I c and 
the voltage drop across the collector resistor. The 
increase did increase V CE and the power dissipation 
across the transistor. 

6-27. Answer: I c , 1 B , and all power dissipations decreased. The 
power dissipations decreased because of the drop in 
current (P = II 0- The base current decreased because the 
voltage drop across it did not change and the resistance 
increased (/ = V/R). The collector current decreased 
because the base current decreased (4 = 4Pdc)- 

6-28. Answer: V A , V B , V D , I B , la and P B show no change. V A 
and V D do not change since the power supply voltages 
did not change. I B , V B , and P B do not change because the 
collector resistance does not affect the base circuit. I c 
does not change because I B did not change. 

6-29. Answer: The only variable to decrease is Vq With an 
increase in p dc , the same base current will cause a 
greater collector current, which will create a greater 
voltage drop across the collector resistor. This leaves 
less voltage to drop across the transistor. 


Chapter 7 Transistor Fundamentals 

SELF-TEST 


1. a 

9. b 

17. d 

25. a 

2. b 

10. a 

18. c 

26. c 

3. d 

11. b 

19. b 

27. a 

4. d 

12. c 

20. b 

28. b 

5. c 

13. d 

21. b 

29. a 

6. c 

14. c 

22. d 

30. d 

7. a 

15. a 

23. b 

31. c 

8. c 

16. b 

24. a 



JOB INTERVIEW QUESTIONS 

7. An increase in temperature almost always increases the 
current gain. 

10. High leakage current, low breakdown voltage, and low 
current gain. 

12. If in cutoff, V CE will be approximately equal to Vcc • If in 
saturation, Vce is usually less than 1 V, typically 0.1 to 
0.2 V for a small-signal transistor. 

13. One with large R c . 

PROBLEMS 

7-1. Answer: P = 30 
7-2. Answer: P = 85 
7-3. Given: 

V cc = 20 V 
V BB =10V 
R B = 1 MO 
74 = 3.3 kO 
Solution: 

4(Sat) = V cc /Rc (Eq. 7-2) 

4 ( sat) = 20 V/3.3 kfl 
4(Sat) = 6.06 mA 

Ec£(cutoft) = Pcc (Eq. 7-3) 

PcE( cutoff) = 20 V 

Answer: The collector current at saturation is 6.06 mA, 
and the collector-emitter voltage at cutoff is 20 V. The 
load line would connect these points. 

7-4. Given: 

V cc = 25 V 
V BB = 10 V 

74 = 1 mo 

74 = 3.3 kO 
Solution: 

4(Sat) = Vcc/Rc (Eq. 7-2) 

4(Sa«) = 25 V/3.3 kn 
4(Sat) = 7.58 mA 

Answer: The load line moves fiither away from the origin. 
7-5. Given: 

V cc = 20 V 
V BB = 10 V 
74 = 1 MO 
74 = 4.7 kO 

Solution: 

4(Sat) = Vcc/Rc (Eq. 7-2) 

4 ( sat) = 20 V/4.7 kll 
4(Sat) = 4.25 mA 

PcE( cutoff) = Vcc 
V CiT(cutoff) = 20 V 

Answer: The left side of the load line would move down 
while the right side remains at the same point. 

7-6. Given: 

V cc = 20 V 
V BB = 10 V 
74 = 2 Mil 
74 = 4.7 kll 

Solution: 


4(Sat) = Vcc/Rc (Eq. 7-2) 
4 ( sat) = 20 V/3.3 kn 
4(Sat) = 6.06 mA 
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7-46. Given: 

V cc = 10 V 
4a=5V 
R e = 100 Q. 

V BE =0JV 

Solution: 

Ve—V bb -V BE ( i)-V BE ( 2 ) (Eq. 7-7) 

V e =5 V-0.7 V-0.7 V 
V E = 3.6 V 

4=4/4: (Ohm’s law) 

4=3.6 v/ioon 
I E = 36 mA 
4 = 4 

4= 36 mA 

Answer: The collector current is 36 mA. 

7-47. Given: 

4= 36 mA (from the previous problem) 

Pdc(l) =100 
Pdc(2) = 50 

Solution: The overall current gain is Pdc< l >Pdc< 2 ); thus the 
overall current gain is (100)(50) = 5000. 

4 = 4/Pdc (Eq. 6-5) 

4 = 36 mA/5000 
4 = 7.2 pA 

Answer: The base current of the first transistor is 7.2 pA. 
7-48. Given: 

V BB (i) = 0 V 
4 a<2) = 10 V 
V cc = 10 V 
74 = 240 0 
74 = 2.4kO 
R e = 270 O 
V D = 5 V 
V be =0.7V 

Solution: With the left transistor in cutoff, it is 
essentially an open. Thus the base circuit for the right 
transistor would consist of the zener and the resistor, and 
the base voltage would be 5 V. 

V E =V BB -V BE (Eq. 7-7) 

V e =5 V-0.7 V 
14 = 4.3 V 

4=4/4: (Ohm’s law) 

4 = 4.3 V/270 Q. 

4= 15.93 mA 

4 = 4 = 4 
4= 15.93 mA 

With the left transistor conducting, assume an ideal 
transistor. The collector voltage would be 0 V, which 
would cause the right transistor to cutoff. Therefore, 
there would be no collector current and no diode current. 

Answer: With V BB at 0 V, the diode current is 15.93 mA, 
and with 4a at 10 V, the diode current is 0 mA. 

7-49. Given: 

V cc = 10 V 

v BB = ov 

R b ~ 2.4 kO 
74 = 240 0 
74=270 O 


4 = 6.8 V 
4a = 0.7 V 

Solution: With the left transistor in cutoff, the base circuit 
for the right transistor would consist of the zener diode 
and the resistor, and the base voltage would be 6.8 V. 

V E =V BB -V BE (Eq. 7-7) 

4=6.8 V-0.7 
4=6.1 V 

I E = Ve/Re (Ohm’s law) 

7 £ = 6.1 V/270 O 
I E = 22.6 mA 
I D = I E = 22.6 mA 

Answer: The diode current is 22.6 mA. 

7-50. Given: 

4c = 10 V 
74 = 3 kO 

Solution: 

4(Sat) = Vcc/Rc (Eq. 7-2) 

4(Sat) = 10 V/2 kO 
4(Sat) = 5 mA 

Answer: The maximum possible current through the 
transistor is 5 mA. 

7-51. Given: 

74 = 2 kO 
4c = 2 V 
74 = 430 O 

Solution: 

Ic= V rc /Rc (Ohm’s law) 

7 C = 2 V/2 kO 
I c = 1 mA 

4ed = 1 mA (from the graph) 

4ed = 4 = 4 
I E = 1 mA 

V E = i e r e 

4=(1 mA)(430 O) 

4 = 430 mV 

V BB =V E +V BE (Eq. 7-8) 

4a = 0.43 V + 0.7 V 
4a= 1-13V 

Answer: The base voltage is 1.13 V. 

7-52. Given: 

4a = 3 V 
4a = 0.7 V 

Answer: Since the collector-base junction is a diode like 
the emitter-base junction, the internal impedance of the 
voltmeter will complete the circuit to ground and 
the collector-base diode will forward-bias. Thus the 
voltage will be a diode voltage drop less than the base 
voltage, or 2.3 V. 

7-53. Given: 

74 = 1 MO 
4a = 10 V 
74 = Open 

Solution: 

Vce = 4a 

4a = 0.7 V 

Answer: The collector to ground voltage is approximately 
0.7 V. 
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7-54. Given: 

V cc = 15 V 
Egg = 0 V and 15 V 
Ice sat) = 5 mA 
Solution: 

let sat) = V cc /R c (Eq. 7-2) 

R c = Vccllct Sat) 

7?c = 15 V/5 mA 
R c = 3 kfl 

Rb ~ ( Vbb ~ KbeV1b 
R b = (15 V - 0.7)/476 pA 
R b = 30 kfl 

Answer: R c = 3 k£2, R B = 30 kX2 
7-55. Given: 

V cc = 10 V 
V BB = 1.8 V 
E C g = 6.6 V 
74 — 1 kll 
Solution: 

Ie~ Ic = (Vbb ~ V be )/Re 
4 = / c =(1.8V-0.7V)/l kC2 
7g = 7 c = 1-1 mA 

Eg — l[R g 

V E = (l.l mA)(l kfi) 

= 1.1 V 

Vrc~ Vcc~ V e - Vqe 
Vrc = 10V — 1.1 V — 6.6 V 
V RC = 2.3 V 
74 = V RC IIc 
74 = 2.3 V/l.l mA 
74= 2 kll 
Answer: R c =2 kfl 

7-56. Answer: Since V BB increases, the transistor’s Eg and Eg values 
will increase along with an increase in all currents. V c will 
decrease because of an increased voltage drop across R c . 
7-57. Answer: The increase in collector supply voltage causes 
an increase in collector voltage because the collector 
current remains constant. Thus the voltage drop across 
the collector resistor remains constant and the collector 
voltage has to increase. 

7-58. Answer: All of the currents decrease. Since the emitter 
voltage remains constant, the increase in emitter 
resistance causes a decrease in emitter current. Since the 
collector current is approximately the same as the 
emitter current, it also decreases. The base current is 
related to the collector current by (3 dc and also decreases. 
7-59. Answer: V B , V E , I e , I c and I B show no change. Since the 
base voltage did not change, V B and V E will not change. 
Since these voltages do not change, none of the currents 
change. V c will decrease since the voltage drop across 
R c will increase. 

Chapter 8 Transistor Biasing 


4. Emitter-feedback bias and collector-feedback bias. They 
were developed in an attempt to stabilize the Q point 
against transistor replacement and temperature changes. 

6. No. Saturation and cutoff. 

7. Changes in current gain will change the collector current. 
The base resistors should be made smaller to satisfy the 
condition described in the text. 

10. The circuit will be highly sensitive to changes in current gain. 

PROBLEMS 

8-1. Given: 

R t = lOkfi 
74 = 2.2 kfl 
R c = 3.6 kll 
R b = 1 kfl 
V cc = 25 V 
Egg = 0.7 V 
Solution: 

Vbb= IRARx+RW CC (Eq. 8-1) 

V BB = [2.2 k!2/(10 kfl + 2.2 kO)]25 V 
V BB = 4.51V 

V E =V BB -V BE (Eq. 8-2) 

Fg= 4.51 V - 0.7 V 
V E — 3.81 V 

Ie=V e IR e (Eq. 8-3) 

4 = 3.81 V/l kfl 
4 = 3.81 mA 

4 = 4 (Eq. 8-4) 

V c =V cc -I c Rc (Eq. 8-5) 

Fc = 25 V - (3.81 mA)(3.6 kfi) 

V c = 11.28 V 

Answer: The emitter voltage is 3.81 V, and the collector 
voltage is 11.28V. 

8-2. Given: 

R t = lOkfi 
R 2 = 2.2 kST 
R c = 2.1 kfi 
R e = 1 kll 
V cc = 15 V 
Egg = 0.7 V 
Solution: 

Vbb^IRARi+RiWcc (Eq. 8-1) 

V BB = [2.2 kll/(10 kfi + 2.2 kO)] 15 V 
V BB = 2.7 V 

V e =V bb -V B e (Eq. 8-2) 

V E = 2.7 V —0.7 V 
V E = 2.0 V 

4 = Eg/7? 3 (Eq. 8-3) 

4 = 2.0 V/l kfi 
4 = 2 mA 

4 = 4 (Eq. 8-4) 

V c =Vcc-I C Rc (Eq. 8-5) 


SELF-TEST 


1. d 

9. c 

17. b 

24. b 

2. a 

10. a 

18. a 

25. b 

3. a 

11. b 

19. d 

26. c 

4. d 

12. a 

20. a 

27. b 

5. b 

13. c 

21. c 

28. c 

6. b 

14. c 

22. a 

29. a 

7. b 

15. c 

23. d 

30. d 

8. a 

16. a 




JOB INTERVIEW QUESTIONS 

2. The collector current changes only slightly, if at all. 


E c =15 V-(2mA)(2.7 k£2) 

E c = 9.59 V 

Answer: The emitter voltage is 2.0 V, and the collector 
voltage is 9.59 V. 

8-3. Given: 

Ri = 330 kST 
R 2 = 100 kfi 
R c = 150 kfi 
74=51 kfl 
V cc = 10 V 
Egg = 0.7 V 
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Solution: 

Em=[4/(4+4)]E cc (Eq. 8-1) 

V BB = [100 k£2/(330 k£2 + 100 k£2)]10 V 
V BB — 2.33 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 2.33 V-0.7 V 
V E = 1.63 V 

I e =V e /R e (Eq. 8-3) 

4= 1.63 V/51 k£2 
4 = 31.96 qA 

4 = 4 (Eq. 8-4) 

V c = V cc ~ I C R C (Eq. 8-5) 

E c = 10 V - (31.96 qA)( 150 k£2) 

V c = 5.21 V 

Answer: The emitter voltage is 1.63 V, and the collector 
voltage is 5.21 V. 

8-4. Given: 

4 = 150 ST 
4 = 33 £2 
R c = 39 £2 

R]7 — 10 £2 

V cc = 12 V 
= 0.7 V 


Solution: 

Em=[4/(4+4)]E cc (Eq. 8-1) 

V BB = [33 0/(150 £2 + 33 0)]12 V 
Em = 2.16 V 

V E = V BB - V BE (Eq. 8-2) 

V E = 2.16 V-0.7 V 
14= 1.46 V 

I e =V e /R e (Eq. 8-3) 

4= 1.46 V/10 £2= 146 mA 

4 = 4 (Eq. 8-4) 

V c =Vcc-I C Rc (Eq. 8-5) 


E c = 12 V - (146 mA)(39 £2) 

E c = 6.3 V 

Answer: The emitter voltage is 1.46 V. The collector 
voltage is 6.3 V. 

8-5. Given: 

Ri = 330 k£2 ± 5% 

R 2 = 100 k£2 ± 5% 

74 = 150 k£2 ± 5% 

4 = 51 k£2±5% 

E cc = 10 V 
Em = 0.7 V 
Solution: 

EM(max) = [4(max/(4(min) + 4(max))] V, CC (Eq. 8- 1) 


Ess(max) = [105 k£2/(313.5 k£2 + 105 k£2)]10 V 
EM(max) = 2.51 V 

EM(min) - [4(miii)/(4(max) + 
EM ( mi„) = [95k£2/346.5 k£2 
EM(min) = 2.15 V 

4(min))]Ecc (Eq. 8-1) 
+ 95 k£2)]10 V 

EE(max) = EM(max) “ E BE 

E £(m ax) = 2.51 V-0.7 V 
E £ (max) = 1.81 V 

(Eq. 8-2) 

E£(min) = E M(min) “ V BE 

V E(min) = 2.15 V- 0.7 V 
E^min) = 1.45 V 

(Eq. 8-2) 

4(max) = E£( max /4(mm) 
4(max) = 1-81 V/48.45 k£2 
4(max) 37.36 qA 

(Eq. 8-3) 


4(min) - E£( m ; n //4(max) (Eq. 8-3) 

4(min)-1.45 V/53.55 kn 
4(min) = 27.08 qA 
4 = 4 (Eq. 8-4) 

Ec(max) = E cc —4(min)^C(min) (Eq. 8-5) 

Ec ( max) = 10 V - (27.08 qA)(142.5 k£2) 

E C( max)=6.14V 

Ec(min) = Ecc~ 7c(max)74(max) (Eq. 8-5) 

Ec(min) = 10 V - (37.36 qA)(157.5 k£2) 

Ec(min) = 4.12 V 

Answer: The lowest collector voltage is 4.12 V, and the 
highest collector voltage is 6.14 V. 

8 - 6 . Given: 

4= 150 ST 
4 = 33 £2 
74 = 39 £2 
R e = 10 £2 
E cc = 12 V± 10% 

Em = 0.7 V 
Solution: 

EM(max) = [4/(4 +4)]EcC(max) (Eq. 8-1) 

EM(max) = [33 £2/(150 £2 + 33 £2)]13.2 V 
EM(max) = 2.38 V 

Eis(max) = EM(max) “ V BE (Eq. 8-2) 

E £(ma x) = 2.38 V-0.7 V 
Ef(max) = 1-68 V 

4(max) = E £(max /4 (Eq. 8-3) 

/,E(max) = 1.68 V/10 £2 
4(max)= 168 mA 

EM(min) = [4/(4 + 4)]EcC(min) (Eq. 8-1) 

EM(min) = [33 £2/(150 £2 + 33 £2)]10.8 V 
EM(mi„)= 1.95 V 

E£(min) = EM(min) “ V BE (Eq. 8-2) 

V E(ain) = 1.95 V -0.7 V 
V E(ain) = 1.25 V 

4(min) = E£ (m i n /4 (Eq. 8-3) 

4(min) = 1-25 V/10 £2 
4(min) = 125 mA 
4 = 4 (Eq. 8-4) 

Ec(max) = Ecc(max) “ 4(min>4 (Eq. 8-5) 

E C (max)= 13.2 V-(125 mA)(39 £2) 

Ec(max) = 8.33 V 

Ec(min) = Ecc(min) ” 7c(max)7?C (Eq. 8-5) 

E C( mm)= 10.8 V-(168 mA)(39 £2) 

E C(mm) = 4.25 V 

Answer: The lowest collector voltage is 4.25 V and the 
highest collector voltage is 8.33 V. 

8-7. Given: 

4= 10k£2 
4 = 2.2 k£2 
4 = 3.6k£2 
4= 1 k£2 
E cc = 25 V 
Em = 0.7 V 

Vbb= 4.51 V (from Prob. 8-1) 

V E = 3.81 V (from Prob. 8-1) 

4 = 4 = 3.81 mA (from Prob. 8-1) 

V c = 11.28 V (from Prob. 8-1) 

Solution: 

V CE =V c -V e (Eq. 8-6) 

V CE = 11.28 V- 3.81 V 
V CE = 7.47 V 

Answer: The Q point is 4 = 3.81 mA, and Vce = 7.47 V. 
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8 - 8 . Given: 

74 = 10kl2 
74 = 2.2kl2 
7? c = 2.7kl2 
R e = 1 k!2 

E cc = 15 V 
Em = 0.7 V 

Solution: 

V bb =[R 2 /(Ri+R 2 )]V C c (Eq. 8-1) 

V BB = [2.2 kO/(10 12 + 2.2 k!2)]15 V 
V BB = 2.7 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 2.7 V- 0.7 V 
V E = 2.0 V 

I e =V e /R e (Eq. 8-3) 

4 = 2.0 V/l 12 
4 = 2 mA 

4=4 (Eq. 8-4) 

Vc =V cc -I c Rc (Eq. 8-5) 

E c =15 V-(2mA)(2.7 12) 

K c = 9.59 V 

V CE =V c -V e (Eq. 8-6) 

E ci r = 9.59 V-2.0 V 
V CE = 7.59 V 

Answer: The Q point is 4 = 2 mA, and Vce = 7.59 V. 
8-9. Given: 

R\ = 330 k!2 
74 = 100 k!2 
74;=150kl2 
74=51 k!2 
V cc = 10 V 
V be = 0.7V 

V BB = 2.33 V (from Prob. 8-3) 

V E = 1.63 V (from Prob. 8-3) 

4 = 4 = 31.96 pA (from Prob. 8-3) 

V c = 5.21 V (from Prob. 8-3) 

Solution: 

Vce=Vc-V e (Eq. 8-6) 

E ci r=5.21 V- 1.63 V 
V CE = 3.58 V 

Answer: The Q point is I c = 31.96 pA, and V CE = 3.58 V. 
8-10. Given: 

4 = 150 12 
74 = 3312 
R C = 39Q 
74= 10 12 
V cc = 12 V 
Em-= 0.7 V 
Solution: 

V BB =[R 2 l(R l +R 2 Wcc (Eq. 8-1) 

V BB = [33 12/(150 12 + 33 12)] 12 V 
Em = 2.16 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 2.16 V- 0.7 V 
E £ = 1.46 V 

4=444 (Eq. 8-3) 

4 = 1.46 V/10 12 
I E = 146mA 


4=4 (Eq. 8-4) 

V c =V cc -IcRc (Eq. 8-5) 

E c = 12 V-(146 mA)(39 12) 

E c = 6.3 V 

V CE =V c -V e (Eq. 8-6) 

E<m = 6.3 V - 1.46 V 
E C£ = 4.85 V 

Answer: The (7 point is 7 C = 146 mA, and V EE = 4.85 V. 
8-11. Given: 

74 = 330 k!2 ± 5% 

74 = 100 k!2 ± 5% 

74 = 150 k!2 ± 5% 

74=51 k!2 ± 5% 

E cc = 10 V 
Em = 0.7 V 

Solution: 

EM(max) = [/4(max/(^Kmin) + 4(max))] Ecc (Eq. 8-1) 

EM(max)= [105 k!2/(313.5 k!2+ 105 k!2)]10 V 
EM(max) = 2.51 V 

EM(min)= [4(min/(^l(max) + 4(min))] VcC (Eq. 8-1) 


EM(min) = [95 k!2/(346.5 k!2 + 95 k!2)]10 V 
EM(min) = 2.15 V 

EE(max) - EM(max) “ V BE 

V E ( max ) = 2.51 V - 0.7 V 
V E (max) = 1-81 V 

(Eq. 8-2) 

Egmin) = EM(min) “ V BE 

V E(min) = 2.15 V- 0.7 V 
E £( mm)= 1.45 V 

(Eq. 8-2) 

4(max) = E£ (max /7? £(mill ) 
4 ( max) = 1-81 V/48.45 k!2 

4(max) =37.36 pA 

(Eq. 8-3) 

4(min) = E£( m i n /74 (max) 
4(min) = 1-45 V/53.55 k!2 
4(min) = 27.08 pA 

4 = 4 (Eq. 8-4) 

(Eq. 8-3) 


Answer: The lowest collector current is 27.08 pA, and 
the highest collector current is 37.36 pA. 

8-12. Given: 

74= 15012 
74 = 33 12 
74 = 39 12 
74 = 10 12 
E cc = 12 V± 10% 

Em = 0.7 V 

Solution: 

EM(max)= [74/(74 +4)]EcC(max) (Eq. 8-1) 

EM(max) = [33 12/(150 12 + 33 12)]13.2 V 
EM(max) = 2.38 V 

Ef(max) = EM(max) “ Iffi (Eq. 8-2) 

E £(max) = 2.38 V-0.7 V 
Egmax) = 1-68 V 

4(max)= E£ (max )/74 (Eq. 8-3) 

4(max)= 1-68 V/10 12 
4(max)= 168 mA 

EM(min) = [74/(74 + 74)] Ecc(min) (Eq. 8-1) 

EM(min) = [33 12/(150 12 + 33 12)]10.8 V 
V BB (mm) = 1.95 V 
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(Eq. 8-2) 


V E ( min) — V BB (m in) “ V BE 
V E(min) ~ 1.95 V -0.7 V 
V E(mm) = 1.25 V 

4(min) = V E ( m j nl /R E (Eq. 8-3) 

4(min) = 1-25 V/10 Q 

I E ( min) = 125 mA 

Answer: The lowest collector current 125 mA, and the 
highest collector current is 168 mA. 

8-13. Given: 

R b = lOkD 
R c = 4.7 kD 
R E = 10 kD 
V cc = 12 V 
V EE = -12V 

Solution: 

I E = (-0.7 V - V EE )IR E 
I E = [-0.7 V - (-12 V)]/10 kD 
4= 1.13 mA 

V c = V C c ~ IcRc 

V c = 12 V - (1.13 mA)(4.7 kD) 

V c = 6.69 V 

Answer: The emitter current is 1.13 mA, and the 
collector voltage is 6.69 V. 

8-14. Given: 

R b = 20 kD 
R c = 9.4kD 
R e — 20 kD 
V cc = 12 V 
V EE = ~ 12 V 

Solution: 

I E = (-0.7 V - F ££ )i4 
4 = [-0.7 V -(-12 V)]/20 k£2 
4 = 565 qA 

V c = Vcc-IcRc 

F c = 12 V - (565 pA)(9.4kD) 

V c = 6.69 V 

Answer: The emitter current is 565 pA, and the collector 
voltage is 6.69 V. 

8-15. Given: 

R b = 10 kll ± 5% 

R c - 4.7 kD ± 5% 

74 = 10 kfl ± 5% 

F cc = 12 V 
F ffi = -12V 

Solution: 

4(max) = (-0.7 V - F ££ )/i? £ ( min ) 

^E(max) = [-0.7 V - (-12 V)]/9.5 k£2 
4(max)= 1.19 mA 

Vq max) = VcC~ fc(min)Rc(min) 

E C( max) = 12 V - (1.08 mA)(4465 kD) 

Vc(max) —7.18V 

4(min) = (-0.7 V - V EE )/R E ( mllx ) 

4(min) = [-0.7 V - (-12 V)]/10.5 kD 
4(min) = 1.08 mA 

Vet min) = ECC “ 4(max)^C(max) 

E C( mm) = 12 V - (1.19 mA)(4935 kD) 

Vanin) = 6.13 V 

Answer: The maximum collector voltage is 7.18 V. The 
minimum collector voltage is 6.13 V. 


8-16. a. Increase: If Ri increases, V B decreases, 14 decreases, 
4 decreases, 4 decreases, the voltage drop across R c 
decreases, and V c increases. 

b. Increase: If R 2 decreases, V B decreases, V E decreases, 
4 decreases, 4 decreases, the voltage drop across R c 
decreases, and V c increases. 

c. Increase: R E increases, 4 decreases, 4 decreases, the 
voltage drop across R c decreases, and V c increases. 

d. Increases: R c decreases, the voltage drop across R c 
decreases, and V c increases. 

e. Increases: If V C c increases and the voltage drop 
across Rc does not change, V c increases. 

f. Remain the same: [3 dc does not affect I c . Therefore the 
voltage drop across R c does not change, nor does V c . 

8-17. a. Decreases: If 4 increases, V B increases, V E increases, 
4 decreases, 4 decreases, the voltage drop across the 
collector resistor decreases, and F c decreases. 

b. Increases: If R 2 increases, V B decreases, V E decreases, 
4 increases, 4 increases, the voltage drop across the 
collector resistor increases, and V c increases. 

c. Decreases: R E increases, 4 decreases, 4 decreases, 
the voltage drop across the collector resistor 
decreases, and V c decreases. 

d. Increase: 4 remains the same, Rc increases, the 
voltage drop across the collector resistor increases, 
and Vc increases. 

e. Increase: Since V BE does not increase in proportion to 
the increase in voltage supply, as do V B and V C c, the 
voltage drop across the emitter resistor increases, 
causing 4 to increase. This causes the voltage drop 
across the collector resistor to increase and Vc to 
increase. 

f. Remain the same: p dc does not affect I c . Therefore the 
voltage drop across R c does not change, nor does V c . 

8-18. a. The approximate collector voltage is 12 V when R t is 
open due to no collector current. 

b. The approximate collector voltage is 2.93 V when R 2 
is open, the transistor is in saturation. CEB can be 
approximated as a short. 

c. The approximate collector voltage is 12 V when R E is 
open due to no collector current. 

d. The approximate collector voltage is 0.39 V when R c 
is open. The collector current is zero, therefore the 
base current is equal to the emitter current. The 
circuit becomes a voltage divider of 150 fl and 33 Q 
driving 10 Q through the base-emitter diode. 
Thevenize the base voltage divider to get a V TH = 
2.16 V and a R E h = 27 V D. This Thevenin circuit has 
a load of 10 Q and a diode. Now solve for a current 
of 39.57 mA, which leads to an emitter voltage of 
395 mV. 

e. The approximate collector voltage is 12 V when the 
collector-emitter is open due to no collector current. 

8-19. a. If R] is open, the base voltage increases to 10 V and 
the transistor cuts off. Therefore, the collector voltage 
is zero. 

b. If R 2 is open, the transistor goes into saturation, similar 
to the preceding problem. Again, you can approximate 
the saturated transistor as a CEB short; that is, all three 
terminals shorted. Then, 10 kD is in parallel with 
3.6 kfl, which is 2.65 kD. This is in series with 1 kD 
and 10 V. The series current is 10 V divided by 3.65 
k£2, or 2.74 mA. Multiply by 2.65 kD to get 7.57 V, 
the approximate value of collector voltage. 

c. With R e open, there is no collector current and the 
collector voltage is zero. 

d. With R c open, the transistor has no collector current. 
Similar to the preceding problem, the circuit becomes 
a voltage divider driving the emitter resistor through 


(Eq. 8-14) 

(Eq. 8-15) 

(Eq. 8-14) 

(Eq. 8-15) 
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the base-emitter diode. The Thevenin voltage and 
resistance facing the base-emitter diode are 1.8 V and 
1.8 kf2. The current through the emitter resistor is 
(1.8 V - 0.7 V) divided by (1.8 kST + 1 kfi), or 
0.393 mA. Multiply by 1 k£2 to get 0.393 V for the 
voltage across the emitter resistor. Subtract this from 
10 V to gel 9.6 V at the emitter node. Subtract 0.7 V 
to get 8.9 V at the base node. Add 0.7 V to get the 
voltage at the collector node. The final answer is 
therefore 9.4 V at the collector when R c is open. If 
you don’t believe it, build the circuit and measure the 
collector voltage with the collector resistor open, 
e. When the collector-emitter terminals are open, there 
is no collector current and the collector voltage is 
zero. 

8-20. Given: 

Ri = lOkfl 
R 2 = 2.2 kfl 
74 = 1 kf2 
74 = 3.6kf2 
V cc = 10 V 
Vbe= 0.7 V 

Solution: 

E 2 =[74(4+74)]E CC 

E 2 = [2.2 kf2/(10 kfl + 2.2 kO)] 10 V 

V 2 = 1.8 V 

V RE = V 2 - 0.7 V 
Vre= 1.8 V-0.7 V 
Vre=\.\ V 

Ie — Vr E !R e 

4=1.1 V/l kfi 
4=1-1 m A 

4 = 4 (Eq. 8-4) 

V c = I c Rc 

E c = (l.l mA)(3.6 kfi) 

V c = 3.96 V 

Answer: The collector voltage is 3.96 V. 

8-21. Given: 

Ri = 10kf2 
R 2 = 2.2Ul 
R E =\kCl 
R c = 3.6 kfl 
V cc = 10 V 
Em = 0.7 V 

V 2 = 1.8 V (from Prob. 8-20) 

V RE = 1.1 V (from Prob. 8-20) 

4=11 mA (from Prob. 8-20) 

V c = 3.96 V (from Prob. 8-20) 

Solution: 

Vce~ Vcc~ Vc~ Vre 
V CE = 10 V-3.96 V- 1.1 V 
V CE = 4.94 V 

Answer: The collector-emitter voltage is -4.94 V since 
the collector is less positive than the emitter. 

8-22. Given: 

Ri = lOkfl 
R 2 = 2.2kfl 
R E = l kCl 
R c = 3.6kCl 
V cc = 10 V 
Em-= 0.7 V 


V 2 = 1.8 V (from Prob. 8-20) 

Vre= 1.1 V (from Prob. 8-20) 

4=11 mA (from Prob. 8-20) 

V c = 3.96 V (from Prob. 8-20) 

Solution: Because of the voltage divider, there will always 
be a 1.1-V drop across R E , and at saturation V CE = 0 V. 
This leaves 8.9 V across R c at saturation. 

4=8.9 V/R c . 

4= 8.9 V/3.6 kf2 
4= 2.47 mA 

At cutoff, the maximum possible voltage across Vqe is 
8.9 V. 

Answer: The saturation current is 2.47 mA, and the 
collector-emitter cutoff voltage is 8.9 V. 

8-23. Given: 

R t = 10 kfi 
R 2 = 2.2kfl 
R e — 1 kf2 
74 = 3.6 kf2 
V cc = -10 V 
Em = 0.7 V 

Solution: 

Vbb=[R 2 I(R 1 +RiWcc 

V BB = [2.2 kf2/(10 kf2 + 2.2 kfi)] - 10 V 
Em = -1.8 V 

14 = Vo + 0.7 V 
14 = -f.8 V + 0.7 V 
V E = -\.\ V 

4 = V e /R e 

4=1.1 V/l kST 
4=1-1 m A 

4 = 4 (Eq. 8-4) 

14 = Ecc T l (R( 

E c = -10 V + (1.1 mA)(3.6 kf2) 

E c = -6.04 V 

Answer: The collector voltage is -6.04 V, and the 
emitter voltage is -1.1 V. 


CRITICAL THINKING 

8-24. The circuit is no longer considered stiff or independent 
of Beta. The base current is not small as compared to the 
voltage divider current. 

8-25. The maximum power dissipation of the 2N3904 is 
625 mW. The transistor is dissipating 705 mW. The 
transistor will probably overheat and fail. 

8-26. As long as the voltmeter has a high enough input 
resistance, it should read approximately 4.83 V. 

8-27. Increase the power supply value, short R h 

8-28. Connect an ammeter between the power supply and the 
circuit. Measure V Rt and E c , then calculate and add their 
respective currents. 

8-29. Given: (for Qi): 

4= 1.8 kfi 
R 2 = 300 Q. 

74=240 Cl 
74= 1 k Cl 
V cc = 15 V 
Em = 0.7 V 
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Solution: 


8 - 30 . Given: 


Ess=[4/(4+4)]E cc (Eq. 8-1) 

V BB = [300 12/(1.8 kll + 300 12)] 15 V 
V BB = 2.14 V 

V e =V bb -0.7V (Eq. 8-2) 

V E = 2.14 V- 0.7 V 
V E = 1.44 V 

I E =V E /R E (Eq. 8-3) 

I E = 1.44 V/240 12 
I E = 6 mA 

4=4 (Eq. 8-4) 

V c =Vcc-IcRc (Eq. 8-5) 

E c = 15 V- (6 mA)(lkl2) 

V c = 9.0 V 

Given (for Qz): 

Ri = 91012 
R 2 = 15012 

i?s = 120 12 

R c = 510 0 

E cc = 15 V 
Ess = 0.7 V 
Solution: 

V BB =[R 2 l{Ri+RiWcc (Eq. 8-1) 

Ess = [150 0/(910 12 + 150 12)] 15 V 
Kss = 2.12 V 

V E = V BB - 0.7 V (Eq. 8-2) 

V E = 2.12 V- 0.7 V 
V E = 1.42 V 

I e =V e /R e (Eq. 8-3) 

I E = 1.42 V/12012 
4= 11.83 mA 

4 = 4 (Eq. 8-4) 

V c = V cc - I C R C (Eq. 8-5) 

E c =15 V-(l 1.83 mA)(510O) 

V c = 8.97 V 

Given (for Q 3 ): 

/?, = 1 kll 
i? 2 = 18011 
i?s= 150 12 
= 620 12 
F cc = 15 V 
Ess = 0.7 V 

Solution: 

Vbb=[RiI{Ri+R 2 Wcc (Eq. 8-1) 

Ess= [180 12/(1 k!2 + 180 12)] 15 V 
Ess = 2.29 V 

E £ = Ess-0.7 V (Eq. 8-2) 

E £ = 2.29 V-0.7 V 
E £ = 1.59 V 

I e =V e /R e (Eq. 8-3) 

I E = 1.59 V/l5012 
I E = 10.6 mA 

Ic*Ib (Eq. 8-4) 

E C =E cc-IcRc (Eq. 8-5) 

E c = 15 V - (10.6 mA)(620 12) 

E c = 8.43 V 

Answer: The collector voltage for Q\ is 9.0 V, for Q 2 is 
8.97 V, and for Q 3 is 8.43 V. 


R { = 10kl2 
R e — 1 kll 
Rq — 8.2 kH 
V cc =20 V 
V D = 0.7 V 

Solution: 

Ess = 3(E fl ) 

Ess = 3(0.7 V) 

Ess = 2.1 V 

V E = Ess -0.7 V (Eq. 8-2) 

Es=2.1 V- 0.7 V 
V E = 1.4 V 

I e =V e /R e (Eq. 8-3) 

4= 1.4 V/l kll 
4= 1.4 mA 

4 = 4 (Eq. 8-4) 

V c =V cc -IcRc (Eq. 8-5) 

E c = 20 V - (1.4 mA)(8.2 k!2) 

V c = 8.52 V 

Answer: The emitter current is 1.4 mA, and the collector 
voltage is 8.52 V. 

8-31. Given: 

Ess(i) = 2 V 
74(i) = 200 12 
Rc( i) = 1 kll 

R E (2) = 1 kll 
E CC =16V 

Solution: 

Es ( i)= Ess, d- 0.7 V (Eq. 8-2) 

Es ( i) = 2.0 V - 0.7 V 
Es ( i)= 1.3 V 

4(i) = V e IR e (Eq. 8-3) 

4,i) =1.3 V/20012 
4(i) = 6.5 mA 

4 = 4 (Eq. 8-4) 

Eq i) = V cc ~ IcRc (Eq. 8-5) 

Eqi) = 16 V - (6.5 mA)(l kll) 

Eqi) = 9.5 V 

Eqi) = Ess(2) 

Es ( 2 ) = Ess, 2 ) - 0.7 V (Eq. 8-2) 

Es (2) = 9.5 V - 0.7 V 
V E (2) = 8.8 V 

Answer: The output voltage is 8.8 V. 

8-32. Given: 

4 = 620 12 
R 2 — 680 12 
R e = 200 12 
E cc = 12 V 
Ess = 0.7 V 
Solution: 

V 2 = [R 2 !(R\ + R 2 )Wcc 

V 2 = [680 12/(620 12 + 680 12)] 12 V 

E 2 = 6.28 V 

Ess= E 2 -0.7 V 
Ess = 6.28 V- 0.7 V 
Ess = 5.58 V 

4 = V re /R e (Eq. 8-3) 

4 = 5.58 V/20012 
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4 = 27.9 mA 
4ed ~ 4 

Answer: The LED current is 27.9 mA. 

8-33. Given: 

74 = 620 Cl 
R e = 200 Cl 

V cc = 12 V 
Lj£ = 0.7V 
F z = 6.2 V 

Solution: 

V RE = V z - 0.7 V 
Fffg= 6.2 V- 0.7 V 
V RE =5.5V 

4 = V re IR e (Eq. 8-3) 

4=5.5 V/200n 
4 = 27.5 mA 

4ed ~ 4 

Answer: The LED current is 27.5 mA. 

8-34. Given: 

74=51 kll 

74 = 3.374; this ratio is necessary to prevent moving the 
(7 point. Assume (3 dc = 100 

Solution: 

741174 < 0.01 |3 dc 74 (Eq. 8-9) 

7? 1 ||7?2 = 0.01(100)(51 k£2) 

74||74 = 51 kll 

Since 74 is the smaller of the two resistors, make it 51 k£2. 
Then the parallel resistance will not be higher than 51 
k£2, which satisfies the requirement. 

74 = 3.374 
7?! = 3.3(51 kll) 

74= 168.3 k Cl 

Answer: 74 maximum of 168.3 k£2,74 maximum of 51 k£2, 
and the ratio between them 3.3:1. 

8-35. Answer: With V B at 10 V and 74 is good, the trouble is 
74 shorted. 

8-36. Answer: Since V B is 0.7 V and V E is 0 V, the trouble is 
74 is shorted. 

8-37. Answer: 

Trouble 3: Since V c is 10 V and V E is 1.1 V, the 
transistor is good. Therefore the trouble is 74, which is 
shorted. 

Trouble 4: Since all the voltages are the same, the 
trouble is that all the transistor terminals are shorted 
together. 

8-38. Answer: 

Trouble 5: Since V B is 0 V, it is either 74 open or 74 
shorted. R 2 is OK, so the trouble is 7? [ open. 

Trouble 6: 74 is open. 

8-39. Answer: 

Trouble 7: Since V c is 10 V, there is an open below it or 
a short above it. A shorted 74 would not affect V B ; 
therefore there must be an open below it. If the transistor 
is open, V B would be 0 V; therefore the trouble is an 
open 74 

Trouble 8: 74 is shorted. 


8-40. Answer: 

Trouble 9: Since the base voltage is 1.1 V, it appears 
that the voltage divider is working but not properly. The 
emitter voltage is 0.7 V less than the base, so the 
emitter-base junction is working. If R c is open, the meter 
would complete the circuit and give a low voltage 
reading. The trouble is an open R c . 

Trouble 10: This is very similar to trouble 9 except that 
the collector voltage is 10 V. Since source voltage is 
read above an open, the trouble is an open collector-base 
junction. 

8-41. Answer: 

Trouble 11: Since all the voltages are 0 V, the power 
supply is not working. 

Trouble 12: With the emitter voltage at 0 V and the base 
voltage at 1.83 V, the emitter-base diode of the transistor 
is open. 


Chapter 9 AC Models 

SELF-TEST 


1. a 

7. b 

12. d 

17. c 

2. b 

8. b 

13. b 

18. b 

3. c 

9. c 

14. b 

19. b 

4. c 

10. c 

15. d 

20. c 

5. a 

11. b 

16. b 

21. a 


6. d 

JOB INTERVIEW QUESTIONS 

7. To permit the output voltage to swing over the largest 
possible voltage when the input signal is large enough to 
produce a maximum output. 

8. Models provide mathematical and logical insight into the 
operation of a device. The two common transistor models 
are the T and the k. 

11. It would become zero because there is no collector current. 

PROBLEMS 

9-1. Given: 

C=47 pF 
R= 10 kll 

Solution: 

X c = 1/(271/0 

X C <QAR (Eq. 9-1) 

1/C27r/C) = 0.17? 

1/(2jiC) = (0.17?)/ 

/= l/{[27t(47pF)][0.1(10 kfl)]} 

/= 3.39 Hz 

Answer: The lowest frequency where good coupling 
exists is 3.39 Hz. 

9-2. Given: 

C = 47 pF 
R= 1 kfi 

Solution: 

X c = 1/(2ti/C) 

X c <0AR (Eq. 9-1) 

\l{2nfC) = QAR 
1/(2jiC) = (0.17?)/ 
f = 1/{[2ti(47 pF)][0. 1(1 kfl)]} 

/= 33.9 Hz 
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V E ~ Vbb - Vbe 
V E = 2.7 V - 0.7 V 
V e = 2.0 V 

Ie=V e /R e (Eq. 8-3) 

I E = 2.0 V/940 £2 
4 = 2.128 niA 

4(pp)<0.1 I eq (Eq. 9-6) 

4(pp)max = 0.1 (2.13 mA) 

4(pp)max 213 pA 

Answer: The maximum ac emitter current for small 
signal operation is 213 pA. 

9-11. Given: 

i c = 15 mA 
4 = 100 pA 
Solutions: 

P = iJh (Eq. 9-8) 

P= 15 mA/100 pA 
P == 150 

Answer: The ac beta is 150. 

9-12. Given: 

P = 200 
4 = 12.5 pA 

Solutions: 

P = 4/4 (Eq. 9-8) 

4 = P4 

4 = 200(12.5 pA) 

4 = 2.5 mA 

Answer: The ac collector current is 2.5 mA. 

9-13. Given: 

P = 100 
4 = 4 mA 

Solutions: 

P = iJib (Eq. 9-8) 

4 = 4/P 

4 = 4 mA/100 
4 = 40 pA 

Answer: The ac base current is 40 pA. 

9-14. Given: 

R\ = 1.5 k£2 
R 2 = 330 £2 
R c =l.2k£l 
R e = 470 12 
V cc = 15 V 
V EE = 0.7 V 

Solution: 

V BB = [R 2 I(R\ +R 2 )Wcc (Voltage divider formula) 
V BB = [330 £2/(1.5~k£2 + 330 £2)] 15 V 
V BB = 2.7 V 

V E — Vbb ~ Vb E 
V e = 2.1 V - 0.7 V 
V e = 2.0V 

I E =V e /R e (Eq. 8-3) 

I E = 2.0 V/470 £2 
I E = 4.26 mA 

r' = 25 mV/4; (Eq. 9-10) 

r' = 226.7 £2 mV/4.26 mA 
r' = 5.88 £1 

Answer: The ac resistance of the emitter diode is 5.88 £1. 


9-15. Given: 

-4 = 2.13 mA (from Prob. 9-10) 

Solution: 

25 mV/4 (Eq. 9-10) 

r‘ = 25 mV/2.13 mA 
r' = 11.7 £1 

Answer: The ac resistance of the emitter diode is 11.7 £2. 
9-16. Given: 

r' = 5.88 £1 (from Prob. 9-14) 

P = 200 
Solution: 

Zin(base) = P4 (Eq. 9-11) 

•^in(base) = 200 (5.88 £2) 

•Zin(base) =1.18 k£2 

Answer: The input impedance to the base is 1.18 k£2. 
9-17. Given: 

r' e = 11.7 £2 (from Prob. 9-15) 

P = 200 
Solution: 

^in(base)= P 4 (Eq. 9-11) 

•^in(base) = 200 (11.7 £2) 

Zin(base) = 2.34 k£2 

Answer: The input impedance to the base is 2.34 k£2. 

9-18. Given: Since the collector resistor does not affect the dc 
emitter current, the ac emitter resistance does not 
change. Since the beta did not change either, the input 
resistance remains the same as in problem 9-16. 

Answer: The input impedance to the base is 1.18 k£2. 
9-19. Answer: 



//= 150 4= 5.86 n 

9-20. Answer: 



9-21. Answer: 

min hf e = 50 
max hf e = 200 
Current is 1 mA 
Temperature 25 °C 
9-22. Given: 

4 = 4= 5 m A 

From Fig. 13 on the data sheet h ie is 875 £2 at 5 mA; 
from Fig. 11 on the data sheet h, e is 150 £2 at 5 mA. 
Solution: 

r' = (25 mV)/4 (Eq. 9-10) 
r' = (25 mV)/5 mA 
r'= 5 £2 
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1 e h ic /hf e 

r'= 875 0/150 
r' = 5.83 

Answer: The value of r' is 5.83 £2. The calculated value 
is larger than the ideal. 

CRITICAL THINKING 

9-23. Answer: The capacitor has a certain amount of leakage 
current, and this current will flow through the resistor 
and create a voltage drop across the resistor. 

9-24. Answer: A wire has a very small inductance value. As 
the frequency increases, the inductive reactance starts to 
become significant. The wires connected to the capacitor 
and the leads will start to have an inductive reactance, 
causing the voltage to rise at the node. 

9-25. Given: 

Rt = 10k£2 
R 2 = 30 k£2 
R 3 = 20 k£2 
R 4 = 40 k£2 
R s = 40 k£2 
C= 10 pF 

Solution: 

R\2(eq) = l/(l/2?i + 1/74) 

R\2(eq) = 1/(1/(10 k£2) + 1/(30 kO)) 

Rn( eq) — 7.5 k£2 

^5(£0=l/(l//?3+l/^4+l//?5) 

R 35(E& = l/[l/(20 k£2) + 1/(40 k£2) + 1/(40 k£2)] 

^35(£g) = 10 k£2 

R t = R\2(EQ) + RlHEQ) 

R t =1.5 k£2 + 10 k£2 
R t = 17.5 k£2 

X c = l/(2nfC) 

X c <0AR (Eq. 9-1) 

\/(2nfC) = 0AR 
1/(2tiC) = (0.1 R)(f) 
l/(27tC)(0.1i?) =/ 

/= l/{[2it(10 pF)][0.1(17.5 k£2)]} 

/= 9.09 Hz 

Answer: The lowest frequency at which good coupling 
exists is 9.09 Hz. 

9-26. Given: 

Ri=\ka 
R 2 = 4 k£2 
C= 2 pF 

Answer: The Thevenin resistance is R t in parallel with 
R 2 . 

R\2(EQ) = 1/(1/7?1 + 1 IR 2 ) 

R\2(eq) = !/[!/(! kfl) + 1/(4 k£2)] 

R\2(eq) = 800 Q 

X c = l/(2it/C) 

X c <0.1tf (Eq. 9-5) 



l/(2nfC) = 0.1R 
1/(2jiC) = (0.1 R)(f) 
l/[(2nC)(0.1R)=f 
f= 1/{[2ti(2 pF)][0.1(800 £2)]} 

/= 995 Hz 

Answer: The lowest frequency at which good bypassing 
exists is 995 Hz. 

9-27. Given (for the first transistor): 

/?!= 10k£2 
74 = 2.2k£2 
tf c = 3.6k£2 
R E — 1 k£2 
V cc = 10 V 
Em = 0.7 V 
(3 = 250 

Solution (for the first transistor): 

Vbb=[RAR 1 +R2)Wcc (Eq. 8-1) 

V BB = [2.2 k£2/(10 k£2 + 2.2 kO)]10 V 
V BB — 1.8 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 1.8 V-0.7 V 
V E = 1.1 V 

I e =V e /R e (Eq. 8-3) 

4=1.1 V/l k£2 
4=1.1 m A 

r' = (25 mV)/4 (Eq. 9-10) 

r' = (25 mV)/l. 1 mA 
r' = 22.7 £2 

Zm(base)= P'l (Eq. 9-11) 

Zin(base) = (250)(22.7 £2) 

Zin(base) — 5.68 k£2 

Answer (for the first transistor ): The input impedance of 
the base is 5.68 k£2. 

Given (for the second transistor): 

Ri = 10k£2 
R 2 = 2.2 k£2 
74 = 3.6 k£2 
R e = 1 k£2 
V cc = 10 V 
Em = 0.7 V 
P= 100 

V BB = 1.8 V (from the first part of the problem) 

V E = 1.1 V (from the first part of the problem) 

4=1.1 mA (from the first part of the problem) 

/ = 22.7 £2 (from the first part of the problem) 

Solution (for the second transistor): 

Zm(base)= P K (Eq. 9-11) 

Zin(base) = (100)(22.7 £2) 

Zin(base) “ 2.21 k£2 

Answer: The input impedance of the first base is 5.68 k£2, 
and the input impedance of the second base is 2.27 k£2. 

9-28. Answer: See figure at foot of page. 



AC equivalent circuit for Prob. 9-26. 
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9-29. Given: 

R = 30Q 

f= 20 Hz to 20 kHz 
Solution: 

X c =V(2nfC) 

X C <0.1R (Eq. 9-5) 

V(2nfC) = 0.\R 
l/(2nf) = (0.1R)(Q 
1/(2tt/)( 0. li?) = C 
C= 1/{[2ti( 20 Hz)][0.1(30 12)]} 

C= 2653 pF 

Answer: The capacitor would have to be at least 2653 pF, 
or 2700 pF (standard value). 


Chapter 10 Voltage Amplifiers 

SELF-TEST 


1. c 

8. b 

15. a 

22. c 

2. b 

9. c 

16. a 

23. b 

3. a 

10. c 

17. d 

24. a 

4. c 

11. d 

18. b 

25. a 

5. d 

12. b 

19. a 

26. a 

6. c 

13. a 

20. d 

27. b 

7. c 

14. d 

21. b 

28. c 


JOB INTERVIEW QUESTIONS 

5. Coupling capacitors C\ and C 2 must be replaced by wires. 
The ground reference has to be shifted to provide 0 V at the 
collector. Also, the bypass capacitor needs to be eliminated, 
and some of the resistors resized. 

7. Very high input impedance to limit the current drawn from 
the preceding stage and to prevent distortion. Also, high 
current gain and low output impedance to provide a match 
to a speaker. 

9. 100 is good choice for small-signal transistors. 

PROBLEMS 

10-1. Given: 

R t = lOkfl 
R, = 2.2 kll 
R c = 3.6 kll 
R e = 1 kll 
R l = 10 kll 
V cc = 10 V 
V BE = 0.7 V 
Solution: 

Vbb=[R 2 KRx+RiWcc (Eq. 8-1) 

V BB = [2.2 k!2/(10 kll + 2.2 kO)]10 V 
vBB = 1.8 V 

V e =Vbb-V B e (Eq. 8-2) 

V E = 1.8 V-0.7 V 
V E = 1.1 V 

I e =V e /R e (Eq. 8-3) 
i E = i.i v/i k n 

I E = 1.1 m A 

r' = (25 mV)/I E (Eq. 9-10) 

r' = (25 mV)/1.1 mA 

r' = 22.7 Q, 

r c = R c \\R L (Eq. 10-2) 

r c = 3.6 k!2j|10 kll 


r c = 2.65 k£2 

A\ — r c / r' (Eq. 10-3) 

A v = 2.65 kfl/22.7 12 
A v = 117 

r’out A vin 

v out = 117(2 mV) 
v out = 234 mV 

Answer: The output voltage is 234 mV. 

10-2. Given: 

R t = lOkfl 
R 2 = 2.2 kfl 
i?c = 3.6 kfl 
R e — 1 kll 
R l = 5 kfl 

v cc —10 V 

V BB = 1.8 V (from Prob. 10-1) 

F e = 1.1V (from Prob. 10-1) 

4=1.1 V (from Prob. 10-1) 

r' = 22.1 Q. (from Prob. 10-1) 

Solution: 

r c = 2?cl|2?i 
= 3.6 kT2||5 kO 
r c = 2093 kfl 

A y = 2093 kfl/22.7 £1 
A v = 92.2 

Answer: The voltage gain is 92.2. 

10-3. Given: 

Ri= lOkfl 
R 2 = 2.2 kfl 
7?c = 3.6 kfl 
R e = 1 kfl 
R l = 10 V 
Ecc=15V 

Solution: 

Vbb=[R2KR\+RiWcc 

V br = [2.2 kQJ( 10 kfl + 2.2 kfi)]15 V 

V B b = 2.7 V 

V E = VBB — Vb E 

V E = 2.7 V- 0.7 V 
V E = 2.0 V 

1 E — v e /r e 

I E = 2.0V/1 kfl 
I E = 2 mA 

r' = (25 mV)// t 
r' = (25 mV)/2 mA 
r'= 12.5 Q. 

r c = RcWl 
r c = 3.6 kfl||10 kfl 
r c = 2.65 kfl 

Ay = 2.65 kfl/12.5 fl 
A v = 212 

Vout=^vOin) 

v out = 212(1 mV) 
v out = 212 mV 

Answer: The voltage gain is 212, the output voltage is 
212 mV. 
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10-4. Given: 


10-5. 


Ri= 10 kn 
R 2 = 2.2kfl 
R c = 3.6kfl 
R E = l kQ 
R, = 10 kQ. 

R ( j = 600 Q 
V BE = 0.7 V 
K CC =15V 
Assume (3 = 100 

Solution: 

V m =\RJ{Ri+R2Wcc 

V BB = [2.2 kQ/(10 kQ + 2.2 kO)]15 V 

V BB = 2.7 V 

V E — Vbb - V BE 
V E = 2.7 V - 0.7 V 
V E = 2.0 V 

I E — V E /R E 

I E = 2.0V/1 kll 
I E = 2 mA 

/ = (25 mV)// E 
;; = (25 mV)/2 mA 
= 12.5 n 

= ifcll^L 

r c = 3.6kn||10kn 

= 2.65 kn 

Ay = 2.65 kn/12.5 n 
A v = 212 

Zm = RlWlWVK 

z in =10kn||2.2knp.25kn 

z in = 738 n 

Vi„= [Zin/^G + zJJVj, 

v in = [738 n/(600 n + 738 n)]l mV 

v in = 551.57 pV 

V 0 ut=A v (v in ) 

v ou t = 212(551.57 pV) 
v out = 117 mV 

Answer: The voltage gain is 212, the output voltage is 
117 mV. 

Given: 

Ri = 10 kn 
R 2 = 2.2 kn 
R c — 3.6 kn 
R e = 2 kn 
r l = io kn 
Rq — 600 n 

V cc = 10 V 
Vbe= 0.7 V 
Assume |3 = 100 

Solution: 

Vbb=[R 1 /(R 1 +R 2 Wcc (Eq. 8-1) 

Vbb = [10 kn/(10 kn + 2.2 kn)]10 V 
V BB = 1.8 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 1.8 V-0.7 V 

V E = 1.1 v 

I e =V e /R e (Eq. 8-3) 


I E = 1.1 V/2kn 
I E = 0.55 mA 

>;=(25mV)/4 (Eq. 9-10) 
r' e = (25 mV)/0.55 mA 
/ = 45.5 n 

r c = *cPi (Eq. 10-2) 

r c = 3.6 knpokn 
r c = 2.65 kn 

A v = r c l r' e (Eq. 10-3) 

A v = 2.65 kn/45.5 n 
A v =58 

z m =i?iiii?2!!^; 

z in = 10 knj|2.2 kn||100(45.5 n) 
z in = 1.29 kn 

v in = [-inC^G + Zin)]v g (Eq. 10-4) 
v in = [ 1 .29 kn/(600 n + 1 .29 kn)] 1 mV 
v in = 0.683 mV 

V 0 Ut=Ay(V in ) 

v out = 58(0.683 mV) 
v out = 39.6 mV 

Answer: The output voltage is 39.6 mV. 
10-6. Given: 

R t = 10 kn 
R 2 = 2.2 kn 
R c = 3.6 kn 
r e — i kn 
r l = io kn 
r g =300 n 
V BE = 0.7 V 
V cc = 10 V 
Assume [3=100 

Solution: 

V BB = [R 2 l(Ri + R 2 )\Vcc 

V BB = [2.2 kn/(10 kn + 2.2 kn)]10 V 

V BB = 1.8 V 

V E = V BB ~ V BE 
V E = 1.8 V-0.7 V 
V E = 1.1 V 

If — Vf/R f 

i E = i.i v/i kn 

I E = 1.1 mA 

(25 mV)//j 
r' e = (25 mV)/ 1.1 mA 
r' e = 22.7 n 

r c = 7?clPz 

r c = 3.6 kn||10 kn 

r c = 2.65 kn 

Ay = 2.65 kn/22.7 n 
A v = 117 

z m = RMMr; 

z in = 10knp.2knp.27kn 

z in = i k n 

Vin= [z in /(i? C + Zin)]v g 

v in = [1 kn/(300 n + 1 kn)] 1 mV 
v m = 769 pV 

Vout=Av(Vin) 
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10-8. Given: 


v 0 ut= 117(769 M V) 
v out = 90 mV 

Answer: The voltage gain is 117, the output voltage is 
90 mV. 

10-7. Given: 

R x = 10 kfl 
R 2 = 2.2 kll 
R c = 3.6kll 
R e = 1 kll 

r l = io kn 

Ra = 600 Cl 
V cc = 10 V 
V BE = 0.7 V 
(3= 100 

Solution: 

Vbb=\RJ{Ri+RiWcc (Eq. 8-1) 

V BB = [2.2 kft/(10 kll + 2.2 kO)]10 V 
V BB = 1.8 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 1.8 V-0.7 V 
V E = 1.1 V 

Ie=V e /R e (Eq. 8-3) 

I E = 1.1 V/l kll 
I E = 1.1 mA 

r' = (25 mV)/ I E (Eq. 9-10) 

r' = (25 mV) /LI mA 
r' = 22.1 Cl 

An = ^1 II ^2 II PA 

z in = 10 kl2jj2.2kl2|| 100(22.7 Cl) 
z in =1.0 kll 

The input impedance for each stage is 1.0 k£2. 

Vin(i) = [zJ(Rg + An)]v g (Eq. 10-4) 

v in(1) = [1.0 k£2/(600 Cl + 1.0 k!2)]l mV 
Vin(i) = 0.625 mV 

The input impedance for the second stage is the load 
resistance for the first stage. 

r c =R c \\R, (Eq. 10-2) 

r c = 3.6kfl||1.0kl2 
r c = 783 Cl 

A y =rjr' e (Eq. 10-3) 

A v = 183 Cl/22.1 Cl 
A v = 34.5 

The output voltage of the first stage is the input voltage 
for the second stage. 

A>ut(l)=^v(Vin) 

v 0 u.(i) = 34.5(0.625 mV) 
v out(i) = 21.6 mV 

A( 2 , = II (Eq. 10-2) 

r cl2 )= 3.6 kl2||10 kll 
r c(2) = 2.65 kCl 

A , ( 2 )= r c /r 'e (Eq. 10-3) 

A v ( 2) = 2.65 kCl/22.1Cl 
A v (2) = 117 

V 0 ut(2)=^v(Vin) 

v 0 ut( 2 )= 117(21.6 mV) 

A>ut(2) = 2.53 V 

Answer: The base voltage of the first stage is 0.625 mV, 
the base voltage of the second stage is 21.6 mV, and the 
voltage across the collector resistor is 2.53 V. 


R t = lOkfi 
R 2 = 2.2 kll 
R c = 3.6kl2 
R e = 1 kfl 
R l = lOkfi 
Rq = 600 Cl 
Fee =12 V 
Vbe=0.1V 
(3= 100 

Solution: 

F sfl =[R 2 /(R,+i? 2 )F cc (Eq. 8-1) 

V BB = [2.2 kO/(10 kll + 2.2 k£2)]12 V 
V BB = 2.16 V 

V e =V bb -V be (Eq. 8-2) 

V E = 2.16 V- 0.7 V 
V E = 1.46 V 

I e =V e /R e (Eq. 8-3) 

1 E = 1.46 V/l kll 
I E = 1.46 mA 

r' e = (25 mV)/ 1 E (Eq. 9-10) 

r'= (25 mV)/1.46 mA 
r'= 17.1 Cl 

An=*lP 2 IIPA 

z in = 10 kf2||2.2 kO|| 100(17.1 12) 
z in = 878 Cl 

The input impedance for each stage is 878 Cl. 

Vin(i) = [z-J{Rg + An)] v g (Eq. 10-4) 

Vm(i) = (878 Cl/ (600 Cl + 878 12)] 1 mV 
Vin(i) = 0.594 mV 

The input impedance for the second stage is the load 
resistance for the first stage. 

r c = R c \\R L (Eq. 10-2) 

r c = 3.6 k!2||878 £2 
r c = 706 Cl 

Ay=rjr e (Eq. 10-7) 

Ay= 706 0/17.1 Cl 
A v = 41.3 

The output voltage of the first stage is the input voltage 
for the second stage. 

r’ouif i) — Av in 

v 0 ut(i) = 41.3(0.594 mV) 

Vout(i) = 24.5 mV 

G^RcWl (Eq. 10-2) 

r c(2 \ = 3.6 kl2|| 10 k!2 
r cE 2) = 2.65 k!2 

4 ( 2 ,=A/A (Eq. 10-7) 

Ay (1 )= 2.65 k!2/l7.1 Cl 
A v( 2) =155 

Vout(2)=^v(Vi„) 

v out(2) = 155(24.5 mV) 
v out(2) = 3.80 V 

Answer: The output voltage is 3.80 V. 

10-9. Given: 

R { = 10 k!2 
R 2 = 2.2 k!2 
R c = 3.6 k!2 
R e = 1 k!2 
R l = 10kl2 
Rq = 600 12 
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V cc = 10 V 
V BE = 0.7 V 
(3 = 300 

Solution: 

Vbb=\RJ{Ri+R*Wcc (Eq. 8-1) 

V BB = [2.2 kfl/(10 kn + 2.2 kf2)]10 V 
V BB = 1.8 V 

V E — V BB - V BE (Eq. 8-2) 

V E = 1.8 V-0.7 V 
V E = 1.1 V 

Ie=V e /Re (Eq. 8-3) 
i E = i.i v/i k n 

I E = 1.1 m A 

/;=(25 mV)/4 (Eq. 9-10) 

r' e = (25 mV)/LI mA 

/ = 22 . 10 . 

z m =R x \\R 2 \\K 

z in = 10 kO||2.2 kn||300(22.7 fi) 

z in = 1.43 kn 

The input impedance for each stage is 1.43 kn. 

Vin(i) = \zJ(Rg + Zin)]v g (Eq. 10-4) 

Vm(i)= [1.43 kn/(600 h+ 1.43 kfi)]l mV 
Vi„(i) = 0.704 mV 

The input impedance for the second stage is the load 
resistance for the first stage. 

r c = Rc\\R L (Eq. 10-2) 

r c = 3.6 kfl||1.43 kn 
r c = 1.02 kn 

A v =r c lr' e (Eq. 10-3) 

A v = 1.02 kO/22.7 O 
A v = 45 

The output voltage of the first stage is the input voltage 
for the second stage. 

Vou«l)=^v(Vi„) 

v 0 ut(i) = 45(0.704 mV) 

Vout(i) = 31.7 mV 

rc( 2 ) = RcllRL (Eq. 10-2) 

r c m = 3.6 kOII 10 kn 
r c g,)= 2.65 kn 

Ay( 2 ) = r c lr' e (Eq. 10-3) 

A v ( 2 ) = 2.65 kn/22.7 O 
A(2)=117 

v out(2) = ^ v in 

v out(2) = 117 (31.7 mV) 
v out(2) = 3.71 V 

Answer: The output voltage is 3.71 V. 

10-10. Given: 

R t = 10 kn 
R 2 = 2.2 kn 
R c = 3.6 kn 
R e — 820 
r e = 18011 
R l = 10 kH 
Rq — 600 H 
V BE = 0.7 V 
V cc = 10 V 
Assume (3 = 100 

Solution: 

r c — R (\\R; 

r c = 3.6 kHj|10 kH 


r c = 2.65 kll 

A v = rjr e 

Ay = 2.65 kH/180 H 
A v = 14.7 

A„ = 7?iI|7?2|||3a 

z in = 10 kH||2.2 kH||18 kH 

z in = 1.64 kll 

Vin= [An/(7?G + An)]Vg 

v in = [1.64 kli/(600 11 + 1.64 kH)]25 mV 
v in = 18.3 mV 

V 0 ut=^v(Vin) 

v 0 ut= 14.7(18.3 mV) 
v out = 269 mV 

Answer: The voltage gain is 14.7, the output voltage is 
269 mV. 

10-11. Given: 

R t = 10 kn 
R 2 = 2.2 kn 
7?c = 3.6kH 

R e — 820 n 

r e = 180 11 

r e = io kn 

R a = 50 n 
V BE = 0.7 V 
F CC =10V 
Assume (3 = 100 

Solution: 

r c = R c \\R e 
r c = 3.6 kn||10 kn 
r c = 2.65 kll 

Av = 2'65kn/180n 
Ay= 14.7 

Zin = ^lll^2llP^e 

z in = 10 knjj 2 . 2 kn|| 18 kn 

z in = 1.64 kll 

Vin= [Zin/(7fG + Zm)]Vg 

v in = [1.64 kn/(50 n + 1.64 kn)]50 mV 
v in = 48.52 mV 

V 0 ut=^v(Vin) 

Vout = 14.7(48.52 mV) 
v 0 ut = 713 mV 

Answer: The voltage gain is 14.7, the output voltage is 
713 mV. 

10-12. Given: 

R t = 10 kn 
R 2 = 2.2 kn 
i?c = 3.6 kn 
7? £ =820 n 

r e = 180 n 
R l = 3.6 kn 

r g = 600 n 

V BE = 0.7 V 
F CC =10V 
Assume P = 100 

Solution: 

r c = Rc\\Ri 

r c = 3.6kn||3.6kn 

r c = 1.8 kn 


1-44 



A v = rjr e 

Ay= 1.8M2/18012 
Ay= 10 

Answer: The voltage gain is 10. 

10-13. Given: 

R t = 10kl2 
R 2 = 2.2 k!2 
7?c = 3.6kl2 
Re — 820 
r e = 180 12 
R l = 10 k 12 
Rq — 600 12 
V cc = 30 V 
V BE = 0.7 V 

Solution: 

r c = R c \\R L (Eq. 10-2) 

r c = 3.6 kl2|| 10 k!2 
r c = 2.65 k!2 

Ay=r c /r e (Eq. 10-7) 

Ay = 2.65 k!2/180 12 
Ay= 14.7 

Answer: The voltage gain is 14.7. 

10-14. Given: 

rf = 5 k!2 
r e = 50 12 

Solution: 

Ay=r f /r e (Eq. 10-10) 

Ay = 5 k!2/50 12 
Ay= 100 

Answer: The voltage gain is 100. 

10-15. Given: 

r e = 125 12 
Ay= 100 

Solution: 

Ay = r f /r e (Eq. 10-10) 

r f = 100(125 12) 
r f = 12.5 k!2 

Answer: The feedback resistor would need to be 12.5 k!2. 

10-16. Answer: Since the capacitor is an open to direct current, 
the dc voltages do not change. The first stage is now 
swamped. Therefore the voltage gain is greatly reduced 
and the input impedance is increased so that more of the 
generator voltage is seen at the input. The overall effect 
is a reduced input voltage to the second stage. Since the 
gain of the second stage remains the same and the input 
voltage is reduced, the output voltage is also reduced. 

10-17. Answer: Since there is a voltage at the second stage 
input, the cause is most likely in the second stage. Some 
of the possible causes are: open transistor, open emitter 
resistor, open collector resistor, or open output coupling 
capacitor. 


CRITICAL THINKING 

10-18. Given: 

R { = 20 k!2 
R 2 = 4.4 k!2 
R c = 7.2 k!2 
R e = 2 k!2 
R l = 20 k!2 


V CC = 10V 
V BE = 0.7 V 

Solution: 

Vbb=[RJ{Ri+RiWcc (Eq. 8-1) 
V BB = [4.4 k!2/(20 k!2 + 4.4 k!2)]10 V 
V BB = 1.8V 

V E = Vbb ~ Vbe 
V E = 1.8V-0.7V 
V E = 1.1 V 

If — v e ir e 

I E = 1.1 V/2 k!2 
I E = 0.55 mA 

r' = (25 mV)/4 
r' = (25 mV)/0.55 mA 
r' = 45.5 Q. 

r c = Rc\\Rl 
r c = 1.2 kf2||20 k!2 
r c = 5.3 k!2 

Ay=rjr e (Eq. 10-3) 

A v = 5.3 kf2/45.5 Q 
A v = 116 

Answer: The voltage gain is 116. 

10-19. Given: 

R t = 20 k!2 

R 2 = 4.4 k!2 

R c = 7.2 k!2 

R e ~ 2 k!2 

R l = 20 k£2 

R g = 1.2 kfl 

V cc = 10 V 

Vbe = 0.7 V 

Assume [3=100 

V BB = 1.8 V (from Prob. 10-18) 

V E = 1.1 V (from Prob. 10-18) 

I E = 0.55 mA (from Prob. 10-18) 
r' = 45.5 12 (from Prob. 10-18) 
r' = 5.3 k!2 

Ay = 116 
Solution: 

z m =RA\R 2 m 

z in = 20 kC2||4.4 k!2 | 100(45.5 12) 
z in = 2.01 k!2 

v in = [-in/C Rg + Zin)]v g (Eq. 10-4) 
v in = [2.01 k!2/(1.2 k!2 + 2.01 k!2)]l mV 
v in = 0.626 mV 

Vout=^v(Vin) 

v ou ,= 116(0.626 mV) 
v out = 72.6 mV 

Answer: The output voltage is 72.6 mV. 
10-20. Given: 

R t = 20 k!2 
R 2 = 4.4 k!2 
R c = 7.2 k!2 
R e = 2 k!2 
R l = 20 k!2 
R a = 1.2 M2 
V cc = 10 V 
V B b = 0.7 V 
[3= 100 


(Eq. 8-2) 

(Eq. 8-3) 

(Eq. 9-10) 

(Eq. 10-2) 
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Solution: 

Vbb=[R2/(Ri+RWcc (Eq. 8-1) 
V BB = [4.4 kfi/(20 kfi + 4.4 kfi)] 10 V 
V BB = 1-8 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 1.8 V-0.7 V 
V E = LI V 

I E = V e /R e (Eq. 8-3) 

4=1.1 V/2kH 
1 E = 0.55 mA 

/ = (25 mV)// E (Eq. 9-10) 

;; = (25 mV)/0.55 mA 
r' = 45.5 fi 

z m =i?iP 2 ll|3L 

z in = 20 kfi|j4.4 kO|| 100(45.5 fi) 

z in = 2.01 kfi 


Trouble 4: Since the dc base voltage is 0 and there is an 
ac base voltage, the problem is an R l open. 

10-23. Answers: 

Trouble 5: Since there is no output ac voltage, the 
problem is C 2 open. 

Trouble 6 : Since there are no ac voltages and the base 
voltage has changed, the problem is in the input circuit. 
The voltage points to an open R 2 . 

Trouble 7: All the dc voltages are OK; thus the transistor 
and resistors are OK. Since the base and emitter ac 
voltages are the same, the problem appears to be an open 
bypass capacitor C 3 . 

Trouble 8 : Since there are no ac voltages and the base 
voltage has changed, the problem is in the input circuit. 
Since the collector voltage is so low, the collector 
resistor is open. 


The input impedance for each stage is 2.01 kfi. 

Vin(l) = [An/(7?G + An)]v g (Eq. 10-4) 

v in(1) = [2.01 kfi/(1.2 kfi + 2.01 kfi)]l mV 
v in(1) = 0.626 mV 

The input impedance for the second stage is the load 
resistance for the first stage. 

r c = R c \\R L (Eq. 10-2) 

r c = 3.6 kfi||2.01 SI 
r c = 1.29 kfi 

A v =r c lr' e (Eq. 10-3) 

A v = 1.29 kfi/45.5 fi 
A v = 28.4 

The output voltage of the first stage is the input voltage 
for the second stage. 

Vout(l)=^v(Vin) 

v out(i) = 28.4(0.626 mV) 

Vou*i)= 17.8 mV 

rc ( 2 ) = RcWL (Eq. 10-2) 

r c(2)= 7.2 kfi||20 kfi 
r c( 2 ) = 5.3 kfi 

4,w= r c /r e (Eq. 10-3) 

A H2 )= 5.3 kfi/45.5 fi 

^v(2) =116 

V 0 ut(2)=^v(Vin) 

v 0 ut( 2 ) = 116(17.8 mV) 
v ou t( 2 ) = 2.06 V 

Answer: The output voltage is 2.06 V. 

10-21. Answer: The r c would be the collector resistance only: 
3.6 kfi. 

10-22. Answers: 

Trouble 1: Since all the ac voltages are 0, the problem 
could be the generator, R c open, or C i open. 

Trouble 2: Since the input voltage increased to 0.75 mV, 
the problem is an open R E . 

Trouble 3: Since there are no ac voltages and the base 
voltage has changed, the problem is in the input circuit. 
Since there is a 0.7-V drop across the BE diode, the 
transistor should be conducting and thus the collector 
voltage should be less than 10V. It appears that the BC 
diode is open, except the base voltages are not consistent 
with that problem. To make this problem correct for the 
BC diode open, return V B , V E , and v b to the OK values. 


10-24. Answers: 

Trouble 9: Since there are no dc voltages, the problem is 
no V cc . 

Trouble 10: Since the emitter voltage is 0 and the base 
voltage is near normal, the problem is an open BE diode. 

Trouble 11: With all the dc voltages the same, the 
problem is a shorted transistor in all three terminals. 

Trouble 12: Since all the ac voltages are 0, the problem 
could be the generator, R c open, or C\ open. 
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JOB INTERVIEW QUESTIONS 

5. Voltage gain is always less than but usually near 1. The 
circuit is used as a current or power amplifier. Applications 
include stereo output stages, linear power-supply 
regulation, and drivers for relays, LEDs. 

7. They allow excellent impedance matching and maximum 
power transfer to low-impedance loads. 

11. None. 

12. Power gain is the product of voltage gain and current gain. 
Although the voltage gain is slightly less than 1, the current 
gain is very large. Therefore, the power gain is very large. 

PROBLEMS 

11-1. Given: 

R t = 2.2 kfi 
R 2 = 2.2 kfi 
R e = 1 kfi 
R l = 3.3 kfi 
R a = 50 Si 
|3 = 200 
V cc = 15 V 
Lj£ = 0.7V 


1-46 



11 - 2 . 


11-3. 


Solution: 

Vbb = [R 2 /(.Ri+RiWcc (Eq. 8-1) 

V BB = [2.2 k!2/(2.2 k!2 + 2.2 kO)] 15 V 
Vbb = 7.5 V 

V E =V BB -V BE (Eq. 8-2) 

V E - 7.5 V - 0.7 V 
V E = 6.8 V 

I E ~ V e /R e (Eq. 8-3) 

4 = 6.8 V/l k!2 
I E = 6.8 mA 

/ = 25 mV// E (Eq. 9-10) 

r[ = 25 mV/6.8 mA 
/ = 3.68 

r e = R E \\R L (Eq. 11-1) 
r e = 1 kl2||3.3 k!2 
r c =76712 

Z ,n(baSe) = P('; + 0 (Eq. 11-3) 

-in(base) = 200(767 12 + 3.48 12) 

-in(base) “154 k!2 

Zm(base) = 154 k!2||2.2 k!2||2.2 k!2 = 1.09 k!2 

Answer: The input impedance of the base is 154 kl2, and 
the input impedance of the stage is 1.09 k!2. 

Given: 

R\ =2.2 k!2 
R 2 = 2.2 k!2 
R E = 1 k!2 
R l = 33 k!2 
R g = 50 12 
P= 150 
V cc = 15 V 
V BE ~ 0.7 V 

/ = 3.68 12 (from Prob. 11-1) 
r e = 767 12 (from Prob. 11-1) 

Solution: 

Z m= R l II ^2 IIPfc + K) (Eq-11-4) 
z in = 2.2 k!2j|2.2 k!2|| 150(767 12 + 3.48 12) 
z; n = 1.09 k!2 

Vin= [Zin/(Zin+^G)]E G 

v in = [1.09 k!2/( 1.09 k!2 + 50 12)] 1 V 
v in = 0.956 V 

Answer: The input voltage is 0.956 V. 

Given: 

i?! = 2.2 k!2 
R 2 = 2.2 k!2 
R E = 1 k!2 
R l = 3.3 k!2 
R G = 50 12 
P= 175 
V cc = 15V 

= 0.7 V 

/ = 3.68 12 (from Prob. 11-1) 
r e = 767 12 (from Prob. 11-1) 

Solution: 

Ay=r e /(r e + r') (Eq. 11-2) 

A v — 767/(767 + 3.48) 

A v = 0.995 

z m =R, 11^ IIP0;+ K) (Eq. 11-4) 
z in = 2.2 k!2[|2.2 k!2|| 175(767 12 + 3.48 12) 
z in = 1.09 k!2 


Vin= [An/(Zm + -Kc)]E 0 

v in = [1.09 k!2/( 1.09 k!2 + 50 12)] 1 V 
v in = 0.956 V 

Vout = ^v(Vin) (Eq. 9-3) 

v out = (0.995X0.956 V) 
v out = 0.951 V 

Answer: The gain is 0.995, and the output voltage is 
0.951V. 

11-4. Given: 

R { =2.2kl2 
R 2 = 2.2 k!2 
R e = 1 k!2 
R l = 3.3 k!2 
R a = 5012 
P = 50 to 300 
E cc =15 V 
Em = 0.7 V 

r' = 3.68 12 (from Prob. 11-1) 
r e = 767 12 (from Prob. 11-1) 

Solution: 

Z in,min) = *, II *2 II P('/ + 0 (Eq. 114) 

An(min) = 2.2 k!2||2.2 k!2||50(767 12 + 3.48 12) 

-mlmin) — 1 -07 k!2 

z m(m ax,=^II^IIP(';+ K) (Eq. 114) 

Zin(max) = 2.2 k!2||2.2 k!2||300(767 12 + 3.48 12) 

^in(inax) “ 1 -09 k!2 

^in(min) “ [-in (-in T Rg)] E g 

Vm(mm) = [ 1.07 k!2/( 1.07kl2 + 5012)]lV 
Vm(min) = 0.955 V 

l 'in(inin) “ [-in-T-in T R( s ) \ E G 

Vm(mm) = [ 1.09 k!2/( 1.09 k!2 + 50 12)] 1 V 
Vm(min) = 0.956 V 

Answer: The input voltage varies over the range of 
0.955 to 0.956 V. 

11-5. Given: 

Ri = 4.4 k!2 
R 2 = 4.4 k!2 
R e = 2kl2 
R l = 6.6 k!2 
R g = 10012 
P= 150 
E cc = 15 V 
Em = 0.7 V 
Solution: 

V bb = [R 2 KRi + R 2 Wcc (Eq. 8-1) 

Em = [4.4 k!2/(4.4 k!2 + 4.4 k!2)] 15 V 
Em = 7.5 V 

V E = Em - Em (Eq. 8-2) 

V E = 7.5 V- 0.7 V 
V E = 6.8 V 

h= V e /R e (Eq. 8-3) 

4 = 6.8 V/2kl2 
4 = 3.4 mA 

r' = 25 mV/I E (Eq. 9-10) 

/ = 25 mV / 3.4 mA 
A-/ = 7.35 12 

r e = R E \\R L (Eq. 11-1) 

r e = 2 k!2||6.6 k!2 
= 1.53 k!2 
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^in =^1 11^2 IIP(C+ 0 (Eq. 11-4) 
z in = 4.4 kO[|4.4 kO||150(1.53 k!2 + 7.35 k!2) 
z in = 2.18 k!2 

Vin= [Zm/(Zin + 7?G)]E G 

v in = [2.18 k!2/(2.18kl2 +100 12)]1 V 

v in = 0.956 V 

Answer: The input impedance doubles to 2.18 kl2, and 
the input voltage remains the same at 0.956 V. 

Given: 

Ri = 10011 
R 2 = 200 12 
74=3012 
R l = 1012 
R g = 50 12 
P = 200 
F cc =20 V 
Vbe = 0.7 V 

Solution: 

Vbb = [RJ(Ri + RWcc (Eq. 8-1) 

V BB = [200 12/(100 12 + 200 12)]20 V 
V BB = 13.3 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 13.3 V-0.7 V 
V E = 12.6 V 

I e =V e /R e (Eq. 8-3) 

4=12.6 V/30 12 
I E = 420 inA 

r'= 25 mV/4 (Eq. 9-10) 
r' = 25 mV/420 mA 
r* = 0.06 12 

r e = R E \\R L (Eq. 11-1) 

r e = 30 12||10 12 
= 7.5 12 

Anitas) = P(r„ + K) (Eq. 11-3) 

Zjn(basc) = 200(7.5 SI + 0.06 12) 

- in(base) 1.51 kll 

An =4 114 IIP0;+ 0 (Eq. 11-4) 
z in = 100 12|[200 12| 11.51 k!2 
z in = 63.8 12 

Answer: The input impedance of the base is 1.51 kl2, 
and the input impedance to the stage is 63.8 12. 

Given: 

R\ = 100 12 
R 2 = 200 12 
14=3012 
R l = 50 12 
24=5012 
P = 150 
Fee =20 V 
V BE = 0.7 V 

r' = 0.06 12 (from Prob. 11-6) 
r e = 7.5 12 (from Prob. 11-6) 

Solution: 

A.= 4II4IIP(A + A) (Eq. 11-4) 
z in = 100 12|[200 12||150(7.5 12 + 0.06 12) 
z in = 63 12 

v in = [Zm/(Zin+7?c)]F G 

v in = [63 12/(63 12 + 50 12)] IV 
v in = 0.558 V 

Answer: The input voltage is 0.558 V. 


11-8. Given: 

4 = 10012 
R 2 = 200 12 
24=3012 
24= 1012 
24 = 5012 
P = 175 
Fee =20 V 
V BE = 0.7 V 

r/ = 0.06 12 (from Prob. 11-6) 
r e = 7.5 12 (from Prob. 11-6) 

Solution: 

A v = rj(r e + r') (Eq. 11-2) 

A v = 7.5/(7.5 + 0.06) 

A v = 0.992 

An=4ll*2]IP(A+ 0 (Eq- H-4) 
z in = 100 12||200 12||175(7.5 12 + 0.06 12) 
z; n = 63.5 12 

Vin = [An/(An +RoW G 

v in = [63.5 12/(63.5 12 + 50 12)] 1 V 
Vin = 0.559 V 

v 0 ut = ^v(vin) (Eq. 9-3) 

v out = (0.992X0.559 V) 
v out = 0.555 V 

Answer: The gain is 0.992, and the output voltage is 
0.555 V. 

11-9. Given: 

R t = 2.2 k!2 
R 2 = 2.2 k!2 
R e = 1 k!2 
R l = 3.3 k!2 
R g = 50 12 
P = 200 
F cc = 15 V 
Vbe = 0.7V 

r' = 3.68 12 (from Prob. 11-1) 
r e = 767 12 (from Prob. 11-1) 

Solution: 

z m = r e\\[K+ (7? c |I 4II^)/W (Eq. 11-5) 
z out = 1 k!2[|[3.68 12 + (5012||2.2 k!2||2.2 k!2)/200] 
z ou t = 3.9 12 

Answer: The output impedance is 3.9 12. 

11-10. Given: 

R t = 10012 
R 2 = 200 12 
14= 30 12 
R l = 1012 
74 = 50 12 
P= 100 
Fee =20 V 
V BE = 0.7 V 

r' = 0.06 12 (from Prob. 11-6) 
r e = 7.5 12 (from Prob. 11-6) 

Solution: 

4ut =Re\\[<+ (74 114 II W (Eq. 11-5) 

z out = 30 12||[0.06 12 + (5012||100 12||200 12)/100] 
z out = 0.342 12 

Answer: The output impedance is 0.342 12. 
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r' = ( 25 mV)/5.85 mA 
r' = 4.27 

r c = Rd\R L 

r c = 1.5kl2p5012 

r c = 136.5 12 

A\ - r , 1 K 

A vl = 136.5 12/4.27 12 
A vl = 31.9 

Answer: The voltage gain drops to 31.9. 

11-15. Given: 

R t = 150 kll 
Rj = 150 kll 
R E = 470 Cl 
R l = 1 kll 
R g =5A kll 
V cc = 15 V 
(3 = 5000 

Solution: 

r e = R E \\R L (Eq. 11-1) 
r e = 470 12|jl kll 
r e = 320 Cl 

z in(base) ~ P^*e 

Zin(base) = (5000)(320) 

- inlbasc) 1 -6 Mil 

Answer: The input impedance of the base is 1.6 Mil. 
11-16. Given: 

R t = 150 kll 
R 2 = 150 kll 
R E = 470 Cl 
R L = l kCl 
R G = 5A kll 
V cc = 15 V 
(3 = 7000 

r e = 320 Cl (from Prob. 11-15) 

Solution: 

-inlbasc) ~ (P' 

z m,base) = (7000) (320) 
z in(base) = 2.24 M12 

z iii = ^ll!^2ll z in(base) (Eq. 1 1-4) 
z in = 150 kO|| 150 k!2||2.24 M12 
z m = 72.6 kll 

Vin= Pm/fen + ^cXFo 

v in = [72.6 k!2/(72.6 k!2 + 5.1 kll)]10 mV 
v in = 9.34 mV 

Answer: The input voltage is 9.34 mV. 

11-17. Given: 

R { = \kCl 
R 2 = 2kCl 
R e — 10 
R e = 8 
R g = 600 11 
V cc = 20 V 
Pi = 150 
P 2 = 150 

Solution: 

r e = R E \\RL (Eq. 11-1) 

r e = io nils n 
r e = 4.44 H 


P = P.P 2 (Eq. 11-7) 

[3= 150(150) 

(3 = 22500 

-inlbasc) ~ P r e 

z in(base) = (22500)(4.44) 

z in(base) ~ 100 

Answer: The input impedance of the base is 100 k!2. 
11-18. Given: 

R { = \kCl 
R 2 =2kCl 
R e ~ 10 H 

r e = 8 n 

R g — 600 H 
V C c = 20 V 
(3 = 2000 

r e = 4.44 H (from Prob. 11-17) 

Solution: 

z in(base) ~ PA' 

2 in(base) = (2000)(4.44) 

z in(base) “ 8.88 kll 

z m = ^lll^2|| z in(base) (Eq. 11-8) 

z in = 1 kH||2kH|j8.88kH 
Z; n = 620 H 

Vin= R G )]V G 

v in = [620 11/(620 Cl + 600 12)] 1 V 

v in = 0.508 V 

Answer: The input voltage is 0.508 V. 

11-19. Given: 

V z =7.5 V 
V BE = 0.7 V 
R= 1 kll 
V cc = 15V 

Solution: 

V oal =V z -V BE (Eq. 11-9) 

E ou t = 7.5 V- 0.7 V 

E ou t = 6.8V 

I z = {V C c- Vz)/R 
I z -(\5 - 7.5)/l kll 
I z = 7.5 mA 

Answer: The output voltage is 6.8 V, and the zener 
current is 7.5 mA. 

11-20. Given: 

F z = 7.5 V 
V be = 0.7V 
R = 1 kll 
E cc = 25 V 

Solution: 

V oat =V z -V BE (Eq. 11-9) 

Eout = 7.5 V- 0.7 V 
f„ u . = 6.8V 

Take the base current into account. 

Iz = (V CC -Vz)/R-U P 

I z = (25 - 7.5)/l kll - (6.8 V/33 12)/150 

l 7 17.5 mA — 1.37 mA 

I z — 16.1 mA 

Answer: The output voltage is 6.8 V, and the zener 
current is 16.1 mA. 

11-21. Given: With the wiper in the middle, the voltage divider 
is effectively two resistors: each has a value of 1.5 kll. 
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Pz = 7.5 V 
Vbe = 0.7 V 

Solution: 

Kut = m + WW V z + V BE ) (Eq. 11-12) 

V out = [(1.5 k!2 + 1.5 k£2)/1.5 k!2](7.5 V + 0.7 V) 

F out = 16.4 V 

Answer: The output voltage is 16.4 V. 

11-22. Given: With the wiper all the way up, the voltage 
divider is effectively two resistors: the top has a value of 
1 k! 2 , and the bottom has a value of 2 k! 2 . 

V z = 7.5 V 
Paa = 0.7 V 

With the wiper all the way down, the voltage divider is 
effectively two resistors: the top has a value of 2 k! 2 , 
and the bottom has a value of 1 k! 2 . 

Solution: 

Pout(top) [(*3 + W 4 ]( Pz + Vbe ) (Eq. 11-12) 

Foutuop) = [(1 k!2 + 2 k!2)/l .5 k!2](7.5 V + 0.7 V) 

Pout*top) = 12.3 V 

Pout(bottom) ~" P 3 + RaVR4]( Pz + V BE ) (Eq. 11-12) 

Pout,bottom) = [(2 k£2 + 1 k!2)/l k!2](7.5 V + 0.7 V) 

Pout*bottom) — 24.6 V 

Answer: The output voltage with the wiper all the way 
up is 12.3 V, and all the way down is 24.6 V. 

11-23. Given: 

R, = 10 k!2 
R 2 = 2 k!2 
R c = 3.3 k !2 
R E = 2 k!2 

Pcc=12V 

Solution: 

Paa = [74/(4 + Ri)Wcc 

V BB -- [2 k!2/(10 k!2 + 2 k!2)]12 V 

V BB = 2 V 

Pa = Pas — V BE 
V E =2 V-0.7 V 
V E = 1.3 V 

I E = V e IR e 
I E = 1.3 V/2kl2 
l E = 650 pA 

Answer: The emitter current is 650 pA. 

11-24. Given: 

R { = 10 k!2 
R 2 = 2 k!2 
R c = 3.3 k!2 
24=212 
V cc = 12 V 

Solution: 

V bb = [R 2 KRi +RlWcc 

V BB = [2 k!2/(10 k!2 + 2 kO)]12 V 

V BB = 2 V 

Pa = Paa ~ Paa 
V e =2 V-0.7 V 
V E = 1.3 V 

I E = v e ir e 

I E = 1.3 V/2kl2 
I E = 650 pA 


r' = (25 mV )/4 
r' = (25 mV)/650 //A 
*•>38.46 12 

r c = Rc\\RL 

r c = 3.3 k!2||10 k!2 

r c = 2.48 k!2 

A v = r c /r' 

A v = 2.48 k!2/38.46 12 
A v = 64.4 

Answer: The voltage gain at 64.4. 
11-25. Given: 

R, = 10 k!2 
R 2 = 2 k!2 
R c = 3.3 k!2 
R e = 2 12 

Pcc=12V 

Solution: 

Paa ~ [74/(4 + 74)] Pcc 

V m = [2 k!2/(10 k!2 + 2 k!2)]12 V 

V BB = 2 V 

Pa = Pas _ V BE 
V e =2 V-0.7 V 
V E = 1.3 V 

I E = v e /r e 

I E = 1.3 V/2 k!2 
I E = 650 pA 
r' = (25 mV)/ 4 
r' = (25 mV)/650 //A 
r' = 38.46 £2 = 38.5 £2 


Pin(emitter) 38.5 12 
7 = R II r 

Since R E » r' 

Pin (Stage) — Y e = 28-5 12 
Pout ~ Rc 

Pout = 3.3 k!2 

Answer: The Z in(emitter) = 38.512, the Z in(Stage) = 
and Z ou , = 3.3kl2. 

11-26. Given: 

Ri = 10 k£2 
R 2 = 2 k!2 
R c = 3.3 k£2 
R e = 2 k£2 
Rq — 50 12 
V cc = 12 V 
Pgen = 2 mV 
Solution: 

Paa = [R- 2 /(R\ + 4)]Pcc 

Vbb = [2 k!2/(10 k!2 + 2 k!2)]12 V 

Paa = 2V 

Pa = Paa - Paa 
14=2 V-0.7 V 
14 = 1.3 V 

4 = V e IR e 

4 1.3 V/2 k!2 

4 = 650 pA 

a; = (25 mV)/4 
*> (25 mV)/650 //A 
*>38.4612 


>38.512, 
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r e — R c \\Ri 

r e = 3.3 kl2||10 k£2 

r e = 2.48 kf2 

A v = 2.48 kO/38.46 SI 
A v = 64.4 

7 = R II r 

^ in (Stage) II ' e 

Since R E » r" 

Z ,„,smge, ='e=38.5£2 

An ~ (~\u( R(r A Zin)kgen) 

v in = (38.5 k!2 (50 SI + 38.5 fi) 2 mV) 
v in = 870 pV 

Vout = ^v(Vin) 

v out = 64.4(870 pV) 
v out = 56 mV 

Answer: The output voltage is 56 mV. 
11-27. Given: 

Ri = 10 kn 
R 2 = 2 k!2 
R c = 3.3 kf 2 
Re =2 k !2 
R g = 50 SI 
V cc = 15 V 
V gen = 2 mV 
Solution: 

Vbb ~ [4/(4 + RiWcc 

V BB = [2 k£2/(10 kn + 2 kO)] 15 V 

V B b = 2.5 V 

Ve = Ebb — V B e 
V E — 2.5 V- 0.7 V 
V E = 1.8 V 

I E = V e IR e 
I E = 1.8 V/2k£2 
I E = 900 pA 

r' e = (25 mV )/4 
r' = (25 mV)/900 M A 
r' = 27.8 12 

r c ~ R (j |//1 

r c = 3.3 k!2||10 k!2 

r c = 2.48 kf2 

A v =r c l r' 

A v = 2.48 kfl/27.8 12 
a4 v = 89.3 

Z ,„<S.age) = R E \\/e 

Since R E » r' 
z ,„, stage, =r'= 27.8 0. 

An ~ (~u3 R (i 5" Zj n ) Vg en ) 

v in = (27.8 kf2 (50 12 + 27.8 12)2 mV) 
v in = 715pV 

A>ut = 4(An) 

v out = 89.3(715 pV) 
v out = 63.8 mV 


F out = 6.8 V (from Prob. 11-19) 

4 = 33 12 
Solution: 

Vce~ V cc - V out 
V CE = 15 V- 6.8 V 
V ce = 8.2V 

Ic = 4ut = V 0 JRi 

I c = 6.8 V/33 12 
I c = 206 mA 

P= V CE I C 

P = (8.2 V)(206mA) 

P= 1.69 W 

Answer: 1.69 W 
11-29. Given: 

Ri = 4.7 k!2 
4 = 2 k !2 
i? c = 1 k !2 
R e = 1 k!2 
F cc = 15V 
(3= 150 

Solution: 

V B B = l R 2 l(Ri + R 2 )\V C c (Eq. 8-1) 

Vbb = [2 k!2/(4.7 k !2 + 2 k! 2 )] 15 V 
Vbb = 4.48 V 

V E = Fsa - V BE (Eq. 8-2) 

V E = 4.48 V- 0.7 V 
V E = 3.78 V 

Ie=V e /R e (Eq. 8-3) 

4 = 3.78 V/l k!2 
4 = 3.78 mA 

4 = 4 (Eq. 8-4) 

V C =V CC -I C R C (Eq. 8-15) 

V c = 15 V- 3.78 mA(lk!2) 

V c = 11.22 V 

4 = VP (Eq. 6-5) 

4 = 3.78 mA/150 
4 = 25.2 pA 

Answer: The values are F s = 4.48 V, 14 = 3.78 V, 
K c = 11.22 V, 4 = 3.78 mA, I c = 3.78 mA, and 
4 = 25.2 pA. 

11-30. Given: 

R\ = 4.7 k!2 
4 = 2 k !2 
7? c = 1 k !2 
R e = 1 k!2 
Vcc = 15 V 
(3= 150 
v in = 5 mV 

v out ( 2 ) is an emitter follower that has a gain of 1 . 

Solution: 

r c = 1 k !2 
r e =\ k !2 


Answer: The output voltage is 63.8 mV. 

CRITICAL THINKING 

11-28. Given: 

V z = 7.5 V 
V cc = 15 V 


Ay = rjr e (Eq. 10-7) 

Ay = 1 k!2/l k!2 

Ay= 1 

Answer: Both outputs are 5 mV; the top one is 180° out 
of phase. The purpose of this circuit is to produce two 
signals that are the same magnitude and 180° out of 
phase. 
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(Eq. 8-3) 


Trouble 7: Since there is voltage at G and none at H, the 
trouble is an open Q 2 . 


Chapter 12 Power Amplifiers 

SELF-TEST 


l.b 

10. d 

19. a 

28. a 

2. b 

11. c 

20. c 

29. d 

3. d 

12. d 

21. b 

30. d 

4. a 

13. b 

22. d 

31. b 

5. c 

14. b 

23. a 

32. c 

6. d 

15. b 

24. a 

33.d 

7. d 

16. b 

25. b 

34.c 

8. b 

17. c 

26. c 

35. a 

9. b 

18. a 

27. c 



JOB INTERVIEW QUESTIONS 

6. Tuned RF amplifier. It would be impractical to use a class C 
amplifier for an audio application because it would distort 
the signal. 

8. The lower the duty cycle is, the less the current drain. 

11. Thermal conductive paste used to create a low thermal 
resistance path between the case and the heat sink. 

12. Class A. No signal is lost in a class A amplifier: 360° in, 
360° out. With class C, over half the signal is lost. 

13. Narrowband. 

PROBLEMS 

12-1. Given: 

Ri= 2kl2 
R 2 =470 12 
R c = 680 12 
R e = 220 £2 
R l = 2.7 k£2 
F cc = 15V 

Solution: 

Rc = 680 12 

Ic<. S *)=V cc /(.Rc + Re) (Eq. 12-1) 

/ c(Sat) = 15 V/(680 12 + 220 12) 

4-(Sat)= 16.67 mA 

Answer: The dc collector resistance 680 12, and the dc 
saturation current is 16.67 mA. 

12-2. Given: 

R { =2kl2 
R 2 = 470 12 
Rc = 680 12 
R e = 220 12 
R l = 2.7 k!2 
F C c= 15 V 
V BE = 0.7 V 
R a = 5012 

Solution: 

r c = R c \\R L (Eq. 10-2) 

r c = 680 12112.7 k!2 
r c = 543 12 

Vbb=[R 2 KR 1 + R 2 )]Vcc (Eq. 8-1) 

V BB = [470 12/(2 k!2 + 470 12)] 15 V 
V BB = 2.85 V 

V E =V BB -V BE (Eq. 8-2) 

V E = 2.85 V- 0.7 V 


V E = 2.15 V 

I E = Icq — V E !R E 

Icq = 2.15 V/220 12 
I C q - 9.77 mA 

Since Ico is the center of the load line, the load line is 
linear, the other end is zero, and the ac saturation current 
is double the Q point current. The ac saturation current 
is 19.5 mA. 

Answer: The ac collector resistance is 543 12, and the ac 
saturation current is 10.9 mA. 

12-3. Given: 

R\ = 2 k!2 
R 2 = 470 12 
Rc ~ 680 12 
R e = 220 12 
R l = 2.7 k!2 
V cc = 15 V 
V BE = 0.7 V 
R a = 5012 

r c = 543 12 (from Prob. 12-2) 

I C o = 9.77 mA (from Prob. 12-2) 

V E = 2.15 V (from Prob. 12-2) 

Solution: 

V( - — V((' — R (l(/> 

V c = 15 V-(680 12X9.77 mA) 

V c = 8.36 V 

MP = I CQ r c or V CEQ (Eq. 12-8) 

MP = (9.77 mA)(543 12) 

MP = 5.31 V 

or 

Vceq —Vc~V E 
V CEQ = 8.36 V- 2.15 V 
V CE Q = 6.21 V 

MPP = 2MP 
MPP = 2(5.31 V) 

MPP = 10.62 V 

Answer: The maximum peak-to-peak voltage is 10.62 V. 
12-4. Given: 

R { =4kl2 
R 2 = 940 12 
R c = 1.36 k!2 
R e = 440 12 
R l = 5.4 k!2 
V cc = 15V 
V be = 0.7V 
R a = 10012 

Solution: 

r c = R c \\R L (Eq. 10-2) 

r c = 1.36 k!2||5.4 k!2 
r c = 1086 12 

Answer: The ac collector resistance is 1086 12. 

12-5. Given: 

R\=6 k!2 
Ri =1.41 k!2 
R c = 2.04 k!2 
R e = 660 12 
R l = 8.1 k!2 
V cc = 15V 
V BE = 0JV 
R g = 15012 
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Solution: 

r c = R c \\R L (Eq. 10-2) 

^ = 2.04^118.1 k!2 
r c =1.63kn 

Vbb = [R 2 KRi +RiWcc (Eq. 8-1) 

= [1.41 kl2/(6kl2 + 1.41 k!2)]15 V 
F ss = 2.85 V 

V E ~ Vbb ~ Vbe (Eq. 8-2) 

V E = 2.84 V- 0.7 V 
V E = 2.15 V 

I e = Icq=V e IR e (Eq. 8-3) 

I CQ = 2.15 V/66012 
Ico = 3.26 mA 

Vc — V C c~ Rdco 

V c = 15 V - (2.04 k!2)(3.26 mA) 

F c = 8.35 V 

M p = I CQ r c or V CE q (Eq. 12-8) 

MP = (3.26 mA)( 1.63 k!2) 

MP = 5.31 V 

or 

Vceq ~ l r c ~ Ve 
V C eq = 8.35 V - 2.15 V 
V CEQ = 6.2 V 

MPP = 2MP 
MPP = 2(5.31 V) 

MPP = 10.62 V 

Answer: The maximum peak-to-peak voltage is 10.62 V. 
12-6. Given: 

^ =20012 
R 2 = \00SI 
R c = 100 SI 
R e = 68 12 
R l = 10012 
F cc = 30 V 

Solution: 

R c = 10012 

7c( Sat) = Vcc/Rc + Re 

I C ( Sat) = 30 V/100 12 + 68 12 
Ic( sat) =179 mA 

Answer: The dc collector resistance is 100 12, and the 
saturation current is 179 mA. 

12-7. Given: 

R\ = 200 12 
R 2 = 10012 
R c = 10012 
R e — 68 12 
R e = 100 12 
Fee = 30 V 
Vbe = 0.7 V 

Solution: 

r c = Rd\R L 

r c = 100 1211100 12 

r c = 50 12 

Vbb = [ 7 ? 2 /( 7 ?i + RilWcc 

V BB = [100 12/(200 12 + 100 12)]30 V 

Fss= 10 V 

Ve = V BB - V BE 
V E = 10 V-0.7 V 
V E = 9.3 V 


I E — Icq— V e !R e 
lco = 9.3 V/68 12 
I C o =137 mA 

7f(Sat) = 2 (Jcq) 

7qsatt = 2(137 mA) 

7qsat) = 274 mA 

Answer: The ac collector resistance is 50 12, and the ac 
saturation current is 274 mA. 

12-8. Given: 

R { =200 SI 
R 2 = 100 12 
R c = 10012 
R e = 68 12 
R E = 100 12 
Fee = 30 V 
V BE = 0.7 V 

r c = 50 12 (from Prob. 12-7) 
lco = 137 mA (from Prob. 12-7) 
z c( sat) = 174 mA (from Prob. 12-7) 

V E = 9.3 V (from Prob. 12-7) 

Solution: 

Vc= Vcc ~ Rclco 

V c = 30 V -(100 12)(137mA) 

F c = 16.3 V 
Vceq ~ Vc - V E 
V CEQ = 16.3V-9.3V 
V CEQ =1V 

MP = V CEQ = 7 V 

MPP = 2MP = 14 V 

or 

MP = I CQ r c 

MP = (137 mA)(50 12) 

MP = 6.85 V 
MPP = 2MP = 13.7 V 

Answer: The maximum peak-to-peak voltage is 13.7 V. 
12-9. Given: 

R t =40012 
R 2 = 200 12 
Rc = 200 12 
R e = 136 12 
R l = 200 12 
Fee = 30 V 
V BE = 0.7 V 

Solution: 

r c = R(\\R; 

r c = 200 12||200 12 

r c = 100 12 

Answer: The ac collector resistance is 100 12. 

12-10. Given: 

Ri = 600 12 

R 2 = 300 12 
R c = 300 12 
R e = 204 12 
R l = 300 12 
Fee = 30 V 
V BE ~ 0.7 V 

Solution: 

V BB = [^?2/(7?i + R 2 )\Vcc 
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v BB = [300 n/(600 12 + 300 i2)]30 v 
K fiS = 10 v 

v e =v bb -v be 

V E = 10 V-0.7 V 
V E = 9.3 V 

I E = I E Q — V e /R e 

I co = 9.3 V/20412 
4 e = 45.59 mA 

Pc = Vcc~ RcIcq 

V c = 30 V- (300 12)(45.59 mA) 

F c = 16.3 V 

PcEg = — Pf 

Pceg = 16.3 V-9.3 V 

v CE e = 7V 

MP = PcEg = 7 V 

MPP = 2MP = 14 V 

or 

MP = 4 e r c 

MP = (45.59 mA) (150 12) 

MP = 6.85 V 
MPP = 2MP= 13.7 V 

Answer: The maximum peak-to-peak voltage is 13.7 V. 
12-11. Given: 

Pout = 2 W 

P m = 4 mW 
Solution: 

A P = P ou/Pin (Eq. 12-12) 

A P = 2 W/4 mW 
A P = 500 

Answer: The power gain is 500. 

12-12. Given: 

Pout = 15 V pp 
R l = 1 k!2 
Pin = 400 pW 
Solution: 

P out = V 2 /8i? 

Pout = (15 V) 2 /8kl2 
P out = 28.1 mW 

A P = P 0U ,/P i n (Eq. 12-12) 

4p = 28.1 mW/400 pW 
A P = 70.3 

Answer: The power gain is 70.3. 

12-13. Given: 

R, = 2kl2 
P 2 = 470 SI 
Rc = 680 12 
74=22012 
R l = 2.7 kll 
V cc = 15 V 
V be = 0.7V 
R g = 50 SI 

V BB = 2.85 V (from Prob. 12-2) 

Solution: 

7bias = Vcd(Ri + Rl) 

/bias=15 V/(2kl2 + 470 SI) 

4ias = 6.07 mA 

V E =V BB -V BE (Eq. 8-2) 


V E = 2.85 V- 0.7 V 
V E = 2.15 V 

I E =V E /R E (Eq. 8-3) 

4 = 2.15 V/220 SI 
4 = 9.77 mA 

4 ~ 7|,jas T 4 

4c = 6.07 mA + 9 77 mA 

4c = 15.84 mA 

Answer: The current drain is 15.84 mA. 

12-14. Given: 

4c = 15.84 mA (from Prob. 12-13) 

V cc = 15 V 

Solution: 

Pdc = 4cP CC (Eq. 12-17) 

P dc = (15.84 mA)(15 V) 

P dc = 237.6 mW 

Answer: The dc input power is 237.6 mW. 

12-15. Given: 

MPP = 10.62 V (from Prob. 12-3) 

R l = 2.7 kfl 

P dc = 237.6 mW (from Prob. 12-14) 

Solution: 

Pout(max) = MPP”/8Pp (Eq. 12-15) 

P out = (10.62 V) 2 /8(2.7 kfl) 

P out = 5.22 mW 

h = [P„ ut /P m ]100% 
q = [5.22 mW/237.6 mW]100% 
q = 2.2% 

Answer: The efficiency is 2.2%. 

12-16. Given: 

Ico = 9.77 mA (from Prob. 12-2) 

Vceq = 6.21 V (from Prob. 12-3) 

Solution: 

Pdq = Vq E qIcq (Eq. 12-16) 

P DQ = (6.21 V)(9.77 mA) 

P DQ = 60.7 mW 

Answer: The quiescent power dissipation is 60.7 mW. 
12-17. Given: 

Ri =200S2 
R,= 100S2 
R c = 100 SI 
R e — 68 12 
R l = 10012 
V cc = 30 V 
V BE = 0.7 V 

Pss = 10 V (from Prob. 12-7) 

Solution: 

4ias = Pcc/(Pi +P 2 ) 

4,as = 30 V/(200 12 + 100 12) 

4>ias = 100 mA 

P E = V BB - V BE 
V E = 10 V-0.7 V 
V E = 9.3 V 

4= Pir/Pfi 

4 = 9.3 V/68 12 
4 = 136.8 mA ~ 137 mA 
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Ale Alias T Ie 

I Ac = 100 mA +137 mA 

/dc = 237 mA 

Answer: The current drain is 237 mA. 

12-18. Given: 

I Ac = 2.37 mA (from Prob. 12-17) 

Fee = 30V 
Solution: 

Pdc — I&cVcc 

P dc = (237 mA)(30 V) 

aP dC = 7.1 1 W 

Answer: The dc input power is 7.11 W. 

12-19. Given: 

MPP = 2MP = 13.7 V (from Prob. 12-10) 

P dc = 7.11 W (from Prob. 12-18) 

R l = 100 £2 

Solution: 

Pq ut(max) = MPP 2 /87? i 

Pout = (13.7 V) 2 /8(100 £2) 

P out = 235 mW 

h = [Pout/Pin] 100% 

r\ = [235 mW/7.11 W]100% 

r| = 3.3% 

Answer: The efficiency is 3.3%. 

12-20. Given: 

Ico = 137 mA (from Prob. 12-7) 

Vceq = 7 V (from Prob. 12-8) 

Solution: 

PDQ = VcEqIcQ 

Pdq = (7 V)( 137 mA) 

P nQ = 960 mW 

Answer: The quiescent power dissipation is 960 mW. 
12-21. Given: 

R { = 10 £2 
R 2 = 2.2 £2 
Re = 1 £2 
V cc = 10 V 
Vbe ~ 0.7 V 

Solution: 

V BB ~ [R 2 /(R\ + Ri)Wcc (Eq. 8-1) 

V BB = [2.2 £2/(10 £2 + 2.2 £2)] 10 V 
F m = 1.80 V 

V E = V BB - V BE (Eq. 8-2) 

V E = 1.80 V-0.7 V 
V E - 1.10 V 

Ie=V e IR e (Eq. 8-3) 

I E = 1.1 V/l £2 
4=1.1 A 

Answer: The dc emitter current is 1.1 A. 

12-22. Given: 

Ri = 10 £2 
R 2 = 2.2 £2 
R e ~ 1 £2 
V cc = 10 V 
V BE = 0.7 V 
R c = 3.2 £2 
F out = 5 V pp 


Solution: 

Pout = Vo U , 2 /8PA (Eq. 12-15) 

Pout = (5 V) 2 /8(3.2 £2) 

Pout = 0.977 W 

Abias = Fcc/(P 1 + Rl) 

7bias= 10 V/(10£2 + 2.2 £2) 

Abias = 0.82 A 

Fs S = [R 2 /(Pi+P 2 )]Fcc (Eq. 8-1) 

Fas = [2.2 £2/(10 £2 + 3.2 £2)] 10 V 
Fas = 1.80 V 

V e =V bb -V be (Eq. 8-2) 

V E = 1.80 V-0.7 V 
V E = 1.10 V 

Ie= V e /Re (Eq. 8-3) 

4= 1.10 V/l £2 
4=1.1 A 

Adc ~ Alias + I E 

A dc = 0.82 A + 1.1 A 
A dc = 1.92 A 

Pdc = A dc F C c (Eq. 12-17) 

P dc = (1.92 A)(10 V) 

P dc = 19.2 W 

n = [Pout/Pi„]i00% 

n = [0.977 W/19.2 W]100% 
n = 5.i% 

Answer: The output power is 0.977 W, and the 
efficiency is 5.1%. 

12-23. Given: 

Fcut- 0 ff = 12 V 
Solution: 

MPP = 12 F cut _ off 
MPP = 2(12 V) 

MPP = 24 V 

Answer: The maximum peak-to-peak voltage is 24 V. 

12-24. Given: 

Fee = MPP = 30 V 
R l = 16 £2 

Solution: 

PD,max) = MPP 2 /40P L 
PD,max) = (30V) 2 /40(16£2) 

AW) = 1.41 W 

Answer: The maximum power dissipation of each 
transistor is 1.41 W. 

12-25. Given: 

Fee = MPP = 30 V 
R l = 16 £2 

Solution: 

A’out(max) = MPP~/8 P l 
Pout,max)=(30V) 2 /8(16£2) 

Pout(max) = 7.03 W 

Answer: The maximum output power is 7.03 W. 

12-26. Given: 

Ri = 100 £2 
R 2 = 100 £2 
R l = 50 £2 
Fee = 30 V 
F D io d e=0.7V 
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Solution: 


Aias ~ (VcC ~ 2F Dio d e )/(Pl + Rf) 

Aias = 28.6 V/(100 12 + 100 12) 

/bias = 143 mA 

IcEQ ~ Alias =143 mA 

Answer: The quiescent collector current is 143 mA. 
12-27. Given: 

V cc = MPP = 30 V 
R l = 50 12 

Solution: 

Aias = (A cc -2F Diode )/(i?i + Pa) 

7 bias = 28.6 V/(100 12 + 10012) 

7 b i a s = 143 mA 

Ac = 238 mA 

Pdc = A c Pec 

P dc = 238 mA(30 V) 

Pdc = 7.14 W 

Amtimax) = MPP 2 /8P, 

P O ut ( max)=(30 V) 2 /8(50 12) 

Pout(max) = 2.25 W 

fi = [Pout/Pin] 100% 
n = [2.25 W/750 mW]100% 
n = 31.5% 

Answer: The efficiency is 31.5%. 

12-28. Given: 

Fee = MPP = 30 V 
R l = 50 12 

Solution: 

Aias = (PcC - 2F Diode )/(Al + Pg) 

Ai as = 28.6 V/(l k!2 + 1 k!2) 

Aias = Icq = 14.3 mA 

Ac =110 mA 

Pdc = AcPrC 

P dc = 110 mA(30 V) 

P d c = 3.3 W 

Pout(max) ~ MPP 2 /87?£ 

7 , out,max)=(30V) 2 /8(5012) 

-Pout!max) = 2.25 W 

h = [Pout/Pin] 100% 
n = [2.25 W/3.3 W]100% 
q = 68.3% 

Answer: The efficiency is 68.3% and the quiescent 
collector current is 14.3 mA. 

12-29. Given: 

MPP = 30 V 
Ri = 100 12 

Solution: 

Pout(max) = MPP 2 /87? L 
Pout,max)=(30V) 2 /8(T0012) 

Pout(max)= 1-13 W 

Answer: The maximum power output is 1.13 W. 

12-30. Given for 1st stage: 

R x = 10 k!2 
Ri = 5.6 k!2 
R c = 1 k!2 

Ri — 1 k!2 


V m = 10.7 V 
V E = 10 V 

Second Stage: 

R x = 12 k!2 
R 2 = 1 k!2 
R e = 100 k!2 
(3 = 200 
V cc = 30 V 

Solution: 

r' e = 25 mV//p 
/ = 25 mV/(10 V/l k!2) 
r' = 2.5 12 

r e =R e (second stage) 

r e = 100 12 

% /A]I Anl'Slage 2) 

Zin(stage 2 ) = 12 k!2||910 12||[3 r e 

r c = 1 k!2|| 12 k!2||910 12||200(100 12) 

r c = 496 12 

4 vf Stage !) F / l' e 

a4 v (stage 0 = 496 12/2.5 12 

•4 vfStagc 1) — 188 

Answer: The voltage gain of the first stage is 188. 
12-31. Given for 2nd Stage: 

R x = 12 k!2 
R 2 = 1 k!2 
R e — 100 12 
R c = 1 k!2 
V E = 1.43 V 

3rd Stage: 

[3 = 200 
F cc = 30 V 
R e — 100 12 

Solution: 

Ie=V e /R e (Eq. 8-3) 

1 E = 1.43 V/10012 
I E = 14.3 mA 

r' e 25 mV// E (Eq. 9-10) 

r' = 25 mV/(14.3 mA) 
r' = 1.75 12 

r e = R e (second stage) 

r e = 100 12 

Zin(base) = P K (Eq. 10-9) 

Z 1 „(basc) = 200(10012) 

Zin(base) — 20 k!2 

% ‘ Pel|Zi n (base) 

r c = 1 kl2||20 k!2 
r c = 952 12 

A = rj(r e + r ') 

A v = 952 12/(100 12+ 1.75 12) 

A v = 9.36 

Answer: The gain of the second stage is 9.36. 

12-32. Given: 

I E = 14.3 mA 
Solution: 

Icq ~ Aias = 14.3 mA 

Answer: The quiescent collector current is 14.3 mA. 
12-33. Given: 

A vl = 188 
A v2 = 9.36 
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Solution: 

A v3 = 1 (Eq. 12-25) 

A v = Ay\AyjAy 3 

A v = (188)(9.36)(1) 

Ay= 1679 

Answer: The total voltage gain is 1679. 

12 - 34 . Given: v in = 5 V rms 
Solution: 

Vpp = 2.828 Vrms. 

K/yj = 2.828(5 V) 

Vpp = 14.14 Vpp 

Since the input is clamped at 0.7 V, the negative peak is 
-13.44 V. The average value is -6.37 V, so the 
voltmeter will read -6.37 V. 

Answer: The input voltage is 14.14 V pp, and the base 
voltage is -6.37 V. 

12 - 35 . Given: 

L = 1 pH 
C= 220 pF 

Solution: 

f r = 1/(2 WZC) (Eg . 12-29) 

./;= l/[2^V(l /i H)(220pF)] 

/;= 10.73 MHz 

Answer: The resonant frequency is 10.73 MHz. 

12 - 36 . Given: 

L = 2 pH 
C = 220 pF 

Solution: 

/,= 1/(2 WZC) (Eg, 12-29) 

/r= l/[2jiV(2pH)(220pF)] 
f r = 7.59 MHz 

Answer: The resonant frequency is 7.59 MHz. 

12 - 37 . Given: 

L = \ pH 
C= 100 pF 

Solution: 

f r = l/(2n4IC) _ (Eq. 12-29) 

/,= l/[2jiV(lpH)(100pF)] 

/ r = 15.92 MHz 

Answer: The resonant frequency is 15.92 MHz. 

12 - 38 . Given: 

P 0Ut =llmW 
Pin = 50 pW 
Solution: 

Ap = P 0 JP m (Eq. 12-12) 

Ap= 11 mW/50 pW 
Ap = 220 

Answer: The power gain is 220. 

12 - 39 . Given: 


v out = 50 V pp 
R l = 10 kll 

Solution: 


Pou, = v out 2 /8P i (Eq. 12-14) 
Pout = (50 V pp) 2 /8(10 kll) 


P 


out 


= 31.25 mW 


Answer: The output power is 31.25 mW. 

12 - 40 . Given: V cc = 30 V. 

Solution: 

MPP = 2 V cc (Eq. 12-38) 

MPP = 2(30 V) 

MPP = 60 V 

P 0U t = MPP 2 /8P z (Eq. 12-15) 

Pout = (60 V pp) 2 /8(10 kfl) 

Pout = 45 mW 

Answer: The maximum output power is 45 mW. 
12 - 41 . Given: 

7 dc = 0.5 mA 
V cc = 30 V 

Solution: 

Pdc = V C chc (Eq. 12-17) 

P dc = (30V)(0.5mA) 

P dc =15 mW 

Answer: The dc input power is 15 mW. 

12 - 42 . Given: 

7 dc = 0.4 mA 
V cc = 30 V 
v out = 30 V pp 
R l = lOkfi 

Solution: 

Pdc= Veche (Eq. 12-17) 

P dc = (30 V)(0.4mA) 

P dc = 12 mW 

Pout = v out 2 /8Pi (Eq. 12-14) 

^out = (30 Vpp) 2 /8(10kfi) 

P out =11.25 mW 

t| = (Pout/E i„) 100% (Eq. 12-18) 

q = (11.25 mW/12 mW)100% 
q = 93.75% 

Answer: The efficiency is 93.75%. 

12 - 43 . Given: 

0= 125 

f r = 10.73 MHz (from Prob. 12-35) 

Solution: 

B=fJQ 

5= 10.73 MHz/125 
B = 85.84 kHz 

Answer: The bandwidth is 85.84 kHz. 

12 - 44 . Given: 

0= 125 

f r = 10.73 MHz (from Prob. 12-35) 

R l = 10kl2 

MPP = 60 V (from Prob. 12-40) 

L = \ pH 

Solution: 

X L = IttfL 

X L = 2(3.14)(10.73 MHz)(l pH) 

X L = 67.38 Q. 

R P = QX l (Eq. 12-33) 

R P = (125)(67.38 fl) 

Rp— 8.42 kfl 

r c = Rp\\R L (Eq. 12-34) 
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r c = 8.42 kD||10 kD 
r c =4.57kD 

P D = MPP 2 /40r c (Eq. 12-39) 

P D = (60 V) 2 /40(4.57 kfi) 

P D = 19.7 mW 

Answer: The worst-case power dissipation is 19.7 mW. 
12 - 45 . Given: 

P D = 625 mW 
D = 5 mW/°C 
T a = 100°c 

Solution: 

A P = D(T a - 25°C) (Eq. 12-40) 

AP = (5 mW/°C)(100°C - 25°C) 

A P = 375 mW 

P D(max) = Pd~ AP 

P D(max) = 625 mW - 375 mW 
^Bfmax) = 250 mW 

Answer: The worst-case power rating is 250 mW. 

12 - 46 . Given: Derating curve on Fig. 12-36. 

Answer: The maximum dissipation at 100°C is 2 W. 
12 - 47 . Given: 

P D = 115 W 
D = 0.657 W/°C 
T c = 90°C 

Solution: 

AP = D(T C - 25°C) (Eq. 12-40) 

AP = (0.657 W/°C)(90°C - 25°C) 

AP = 42.7 W 

-fz)(max) = Pd~ AP 

7 , D( max)=115W-42.7W 

-Pz>(max) = 72.3 W 

Answer: The power rating is 72.3 W with a case 
temperature of 90°C. 


CRITICAL THINKING 

12 - 48 . Answer: The input is larger than the maximum allowed 
input for an undistorted output. The input is driving the 
output into saturation, clipping the wave off, and turning 
it into a square wave. 

12 - 49 . Answer: Electrically, it would be safe to touch, but it 
may be hot and cause a bum. 

12 - 50 . Answer: No, the maximum efficiency of anything is 
100 percent. It is impossible to get more power out of a 
device than is put into the device. 

12 - 51 . Answer: No, the ac load line is more vertical because the 
ac collector resistance is usually less than the dc 
collector resistance. If the collector had an inductor 
instead of a resistor, the ac resistance would be greater 
than the dc resistance and make the ac load line less 
vertical. 

12 - 52 . Given: 

I C ( sat) = 16.67 mA (from Prob. 12-1) 

V cc = 15 V 

I C q — 9.77 mA (from Prob. 12-2) 

MP = I CQ r c = 5.31 V (from Prob. 12-3) 

V CE q = 6.21 V (from Prob. 12-3) 


Solution: 

The left side of the dc load line is / C (sat> and the right 
side is V cc . The Q point is I C o, V C eq ■ The ac load line 
passes through the Q point. The right side of the ac load 
line is Icq r c above the Q point, or 11.52 V. This gives 
the line a slope of IcqIIcq r c = 9.77 mA/5.31 V = 1.84 
mA/V. To find the ac saturation current, take the ac 
voltage maximum multiplied by the slope = (11.52 V) 
(1.84 mA/V) = 21.2 mA. 

Answer: See the graph. 

'e 



12 - 53 . Answer: 

Pi. The power across the load resistor should increase 
because the emitter current is increased, the gain is 
slightly increased, and the output voltage and the output 
power will increase. 

P D : Since MPP is reduced, the P D is also reduced 
(P n = MPP 2 /40r c ). 

P s : A higher V cc will cause the input power to increase 
(P = V 2 /R). 

MPP: A higher Vcc w ill cause the emitter voltage to 
increase and thus the emitter current to increase. This 
causes an increase in the collector resistor voltage drop, 
which reduces Vceq and, in turn, the MPP. 

q: Since the dc input power is increased and the output 
power is increased, the efficiency remains constant. 

12 - 54 . Answer: 

P L : The power across the load resistor should decrease 
because the emitter current is decreased, the gain is 
slightly decreased, and the output voltage and the output 
power will increase. 

P D : Since MPP is increased, the P c is also increased 
(P D = MPP 2 /40r c ). 

P s : A higher will cause the input power to decrease 
(P=V 2 /R). 

MPP: A higher R t will cause the emitter voltage to 
decrease and thus the emitter current to decrease. This 
causes a decrease in the collector resistor voltage drop, 
which will increase Vceo an d, in turn, increase the MPP. 

q: Since the dc input power is decreased and the output 
power is decreased, the efficiency is not changed. 

12 - 55 . Answer: 

Pi. The power across the load resistor should increase 
because the emitter current is increased, the gain is 
slightly increased, and the output voltage and the output 
power will increase. 

P D : Since MPP is reduced, the P D is also reduced 
(Pd = MPP 2 /40r c ). 

P s : A higher R 2 will cause the input power to decrease 
(P= V 2 /R). 
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13-12. 


13-13. 


13-14. 


Solution: 

V GS tofO = -V P (Eq. 13-2) 

V P = 6 V 

Rds=V p /I dss (Eq. 13-1) 

Rds = 6 V/30 mA 
Rds — 200 12 

Vd ~ [Rds!(Rds + Rd )] V D d 

V D = [200 12/(200 12 + 20 k!2)]20 V 
V D = 0.198 V 

Answer: The drain voltage is 0.198 V. 
Given: 


Vdsq — Vd~ Vg 
V DSQ = 20.45 V - 10 V 
V DS q= 10.45 V 



V dd =20V 
R d = 10 k!2 
EGS(ofl) = -6 V 
Idss = 30 mA 

Solution: 


DC load line and Q point for Prob. 13-14. 

13-15. Given: 

V DD = 25 V 


Id( Sat) — V dd IR d 
^D(Sat) = 20 V/10 k!2 
^D(Sat) = 2 mA 

Vasm=Vp. (Eq. 13-2) 

V P = 6 V 

Rds = Vp/I D ss (Eq. 13-1) 

Rds = 6 V/30 mA 
Rds = 200 12 

Vd = [Rds/(Rds + 7 ? d )] V D d 

V D = [200 12/(200 12+ 10 k!2)]20 V 

V D = 0.392 V 

Answer: The drain saturation current is 2 mA, and the 
drain voltage is 0.392 V. 

Given: 

Ri = 1.5 M12 
R 2 = 1 M12 
R s = 22 k!2 
R d = 10 k!2 
V DD = 25 V 

Solution: 

Vq = [l? 2 /(^ l + -^ 2 )] E on 

V G = [1 M 12/(1.5 M12 + 1 M12)] 25 V 

V G = 10 V 

I D ~ V g /R s (Eq. 13-10) 

I D = 10 V/22kl2 
Id = 0.455 mA 

V d =V dd -IdR d (Eq. 13-4) 

V d = 25V- (0.455 mA)(10 k!2) 

V D = 20.45 V 

Answer: The drain voltage is 20.45 V. 

Given: 

Ri= 1.5 M12 
R 2 ~ 1 M12 
R s = 22 k!2 
10 k!2 
V DD = 25 V 

F G = 10 V (from Prob. 13-13) 

/d = 0.455 mA (from Prob. 13-13) 

E d = 20.45 V (from Prob. 13-13) 

Solution: 

Id( sat) = E dd/(Rd + Rs) 

I D{ Sat) = 25 V/(10 k!2 + 22 k!2) 

^D(Sat) = 0.781 mA 
Vs~ E 0 


= 7.5 k!2 
7? s = 18 k!2 

Solution: 

Id=V ss /R s (Eq. 13-12) 

Id = -25 V/18 k!2 
I D = 1.39 mA 

V d =V dd -IdR d (Eq. 13-4) 

V D = 25 V - (1.39 mA)(7.5 k!2) 

E d = 14.58 V 

Answer: The drain voltage is 14.58 V. 
13-16. Given: 

V DD = 25 V 
Vss ~ “25 V 
R d = 7.5 k!2 
7?s= 30 k!2 
Solution: 

Id=V ss /R s (Eq. 13-12) 

/ fl = -25 V/30 k!2 
Id = 0.833 mA 

V D =V dd-IdRd (Eq. 13-4) 

V d =25V- (0.833 mA)(7.5 k!2) 

V D = 18.75 V 


Answer: The drain voltage is 18.75 V. 
13-17. Given: 


Vee = -9 V 
R d = 7.5 k!2 
R e = 8.2 k!2 
V BE = 0.7 V 

Solution: 


I D = (V ee ~ V be)/ R e (Eq. 13-13) 

Id = (9 V-0.7 V)/8.2kl2 
/ B = 1.01 mA 

V D =V dd-IdRd (Eq. 13-4) 

15 V-(1.01 mA)(7.5 k!2) 

V D = 7.43 V 

Answer: The drain voltage is 7.43 V, and the drain 
current is 1.01 mA. 

13-18. Given: 


V EE = -9 V 
i? fl = 4.7kl2 
R e = 8.2 k!2 
Vbe ~ 0.7 V 
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Solution: 


Id = (V ee -V be )IR e (Eq. 13-13) 

/ fl =(9V-0.7V)/8.2kQ 

I D = 1.01 mA 

V d =V dd -IoR d (Eq. 13-4) 

fo = 15 V - (1.01 mA)(4.7kf2) 

V D = 10.25 V 

Answer: The drain voltage is 10.25 V, and the drain 
current is 1.01 mA. 

13-19. Given: 

V DD = 25 V 
Rd~ 8.2 kfl 
R s = 1 kfi 
I D = 1.5 mA 
Solution: 

V gs = -IdR S (Eq. 13-7) 

Kay = -(1.5 mA)( 1 kfl) 

Vgs~- -1.5 V 

Vd = Vdd ~ IdRd ~ IdRs 

V D = 25 V - (1.5 mA)(8.2 kfi) - (1.5 mA)(l kfi) 

V D = 11.2 V 

Answer: The gate-source voltage is -1.5 V, and the 
drain-source voltage is 11.2 V. 

13-20. Given: 

V DD = 25 V 
Rd~ 8.2 kfl 
R s = 1 kfl 
V s = 1.5 V 

Solution: 

Id=Vs/R s 

I D = 1.5 V/l kfi 
I D = 1.5 mA 

Vd = Vdd ~ IdRd 

V d = 25 V - (1.5 mA)(8.2 kfi) 

V D = 12.7 V 

Answer: The drain voltage is 12.7 V. 

13-21. Given: 

V DD = 25 V 
R d = 10 kll 
R s = 22 kfi 
= 1.5 Mil 
R 2 = 1 Mil 

Answer: The gate-source voltage is -2.5 V, and the drain 
current is 0.55 mA. 

13-22. Given: 

Vdd = 15 V 
R a = 2.2 Mil 
R e — 8.2 kll 
V ee = -9V 

Answer: The gate-source voltage is -2.0 V, and the drain 
voltage is 7.5 V. 

13-23. Given: 

V DD = 25 V 
R g = 1.5 Mil 
R s = 1 kfi 

Answer: The gate-source voltage is -2.0 V, and the drain 
current is 1.5 mA. 

13-24. Given: 

V DD = 25 V 
R a = 1.5 Mil 
R s = 2 kll 


Answer: The gate-source voltage is -5.0 V, and the drain 
current is 1 mA and the drain-source voltage is 14.8 V. 

13-25. Given: 

gmO = 4000 qS 
Idss = 10 mA 
Solution: 

V G s(off> = “21/oss/gmO (Eq. 13-15) 

V G s(off> = -2(10 mA)/4000 qS 
V G s(oft) —-5 V 

g m = gmo[l -(V G s/V GS ( 0 ff))] (Eq.13-16) 

gm = 4000 qS[l - (-1 V/-5V)] 
g m = 3200 qS 

Answer: The gate-source cutoff voltage is -5 V, and the 
g m0 for V GS = -1 V is 3200 qS. 

13-26. Given: 

gmO ~ 1500 |J,S 
Idss = 2.5 mA 
v GS -- -i V 

Solution: 

V G s(off> = -2Ioss/gmO (Eq. 13-15) 

Vasm =-2(2.5 mA)/l500 qS 
^gs(o£() = -3.33 V 

gm = gm o [1 - (V G s/V GS ( 0 ff))\ (Eq. 13-16) 

g m = 1500 |j,S[l - (-1 V/-3.3 V)] 
g m = 1045 qS 

Answer: Theg„, for V GS = -i V is 1045 qS. 

13-27. Given: 

g m0 = 6000 qS 
Idss = 12 mA 
V G s = -2 V 

Solution: 

V G s(off> = -2Ioss/gmO (Eq. 13-15) 

fWi) = -2(12mA)/6000 qS 
^GSfoff) = “4 V 

Since the ratio of V GS to V GS(o ^ is one-half, the 
following equation can be used: 

IdIIdss = 1/4 
2d = 1/4(/ d ®) 

I D = 1/4(12 mA) 

I D = 3 mA 

gm ~ gmO [ 1 (V G s2V G 5 (oft))] (Eq. 13-16) 

g m = 6000 |j,S[l - (-2 V/-4 V)] 
g m = 3000 qS 

Answer: The drain current is 3 mA, and the transcon¬ 
ductance is 3000 qS. 

13-28. Given: 

V DD = 30 V 
R t = 20 Mil 
R 2 = 10 Mil 
Rd~ 1 kll 
Rs — 2 kll 
R l = lOkfl 
v in = 2 mV 
g m = 3000 qS 

Solution: 

r d = Rd\\Rl 
r d = 1 kOlllO kO 
r d =909fl 
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13-31. Given: 


A v = gm r d (Eq. 13-17) 

A v = (3000 pS)(909 12) 

A v = 2.73 

Vout=^v(Vin) 

v 0Ut = (2.73)(2mV) 
v out = 5.46 mV 

Answer: The output voltage is 5.46 mV. 

13-29. Given: 

Vdd = 30 V 
i?! = 20 Mil 
R 2 = 10 Mil 
Rd — 1 k!2 
R s = 2 k!2 
R l = 10kl2 
v in = 2 mV 

Idss~ 12 mA (from the graph) 

Eas(off) = -A V (from the graph) 

Solution: 

r d = Rd\\Rl 
r d = 1 kOlllO kO 
0=90912 

Vas(off) = -^Dsslgmo (Eq. 13-15) 

gmO = -2IdSs!VoS(o«) 

gmo ~ _ 2( 12 mA)/-4 V 
g m0 = 6000 pS 

V a =[R 2 /(R l +R 2 )]V nD 

V G = [10 M12/(20 Mil + 10 Mil)] 30 V 

V G = 10 V 

Id=V c /R s (Eq. 13-10) 

I D = 10 V/2kl2 
I D = 5 mA 

From the graph, V GS is approximately -1.4 V when I D is 
5 mA. 

With Eq. 13-16, g m0 = 3900 pS. Then: 

A v = g m r d (Eq. 13-17) 

A v = (3900 pS)(909 12) 

A v = 3.54 

Vout=^v(Vin) 

v out = 3.54(2 mV) 
v out = 7.09 mV 

Answer: The output voltage is 7.09 mV. 

13-30. Given: 

Vdd = 30 V 
R t = 20 M12 
R 2 = 10 M12 
R s = 3.3 k!2 
R l = 1 k!2 
v in = 5 mV 
g m = 2000 pS 

Solution: 

r s = R s \\R L 
r s = 3.3 k!2||l k!2 
r s = 767 12 

A v = (g m r s )/( 1 +g m r s ) (Eq. 13-18) 

Ay = (2000 pS)(767 12)/[1 + (2000 pS)(767 12)] 

Ay = 0.605 

v out=^v(Vin) 

v out = (0.605X5 mV) 
v out = 3.03 mV 

Answer: The output voltage is 3.03 mV. 


Vdd = 30 V 
i?! = 20 M12 
R 2 = 10M12 
Rs= 3.3 k!2 
R l = 1 k!2 
An = 5 mV 

loss = 6 mA (from the graph) 

Vcs(off) = -A V (from the graph) 
r s = 767 12 (from Prob. 13-30) 

Solution: 

Pcw(off) = -llDss/gmO (Eq. 13-15) 

gmo = ~2 Idss/Vgs(o{{) 

gmo = -2(6 mA)/ -4 V 

g m0 = 3000 pS 

V G =[R 2 /(R l +R 2 )\V DD 

V G = [10 M12/(20 M12 + 10 M12)] 30 V 

V G = 10 V 

Id=V g /R s (Eq. 13-7) 

I D = 10 V/3.3kl2 
I D = 3 mA 

From the graph, V GS is roughly -1.25 V when I D = 3 
mA. With Eq. (13-16), g„, = 2060 pS. 

WithEq. (13-18): 

g m r s = (2060 pS)(767 12) = 1.58 
A v = 1.58/(1 + 1.58) = 0.612 

Vout A vin 

v out = (0.612)(5 mV) 
v out = 3.06 mV 

Answer: The output voltage is 3.06 mV. 

13-32. Given: 

R in = 22 k!2 
v in = 50 mV pp 
Idss ~ 10 mA 
V P = 2 V 

Solution: 

Rds — Vp/Ioss (Eq. 13-1) 

Rds~ 2 V/10 mA 
R / ) 2 — 200 12 

With V GS at -10 V the JFET is cut off and appears as an 
open; thus v out = v in = 50 mV pp. 

With V GS at 0 V, the JFET is conducting and a voltage 
divider is created with the input resistance. 

Vout = [Rds^ (Rds + An)]Vm 

v ou t = [200 12/(200 12 + 22 k!2)]50 mV pp 

Vout = 0.45 mV pp 

On-off ratio = Vo U t(max/v 0 ut(min) (Eq. 13-19) 

On-off ratio = 50 mV pp/0.45 mV pp 
On-off ratio =111 

Answer: The output voltage at a V GS of-10 V is 50 mV 
pp, the output voltage at a V GS of 0 V is 0.45 mV pp, and 
the on-off ratio is 111. 

13-33. Given: 

7?out = 33 k!2 
v in = 25 mV pp 
Idss = 5 mA 
V P = 3 V 

Solution: 

Rds = Vp/I DS s (Eq. 13-1) 
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Rds= 3 V/5mA 
Rds = 600 12 

With V GS at -10 V the JFET is cut off and appears as an 
open; thus v in = 0 mV pp. 

With V GS at 0 V, the JFET is conducting and a voltage 
divider is created with the output resistance. 

Vout = [RoJ(RDS + ^out)]Vi„ 

v out = [33 kll/(600 12 + 33 kO)]25 mV pp 
v out = 24.55 mV pp 

On-off ratio = v out(max /v out(min) (Eq. 13-19) 

On-off ratio = 24.55 mV pp/0 mV pp 
On-off ratio = co 

Answer: The output voltage at a V G s of -10 V is 0 mV 
pp, the output voltage at a V GS of 0 V is 24.55 mV pp, 
and the on-off ratio is oo. 

CRITICAL THINKING 

13-34. Answer: 

I DSS = 20 mA 

Vds< max) = 5 V for the ohmic region 
V D s = 5 to 30 V in the active range 

13-35. Given: 

fWfl) = -8 V (from the graph) 

I DS s = 32 mA (from the graph) 

Vast, i) = -4V 
fffl(2) = -2V 

Solution: 

Vastofi) —-^Dsslgmt) (Eq. 13-15) 

gmO - ~2 IdSSiVgS(oS) 

gmo = -2(32 mA)/-8 V 
gmo = 8000 pS 

gm = gmO [1 - (V GS IV G s( oft))] (Eq. 13-16) 

g m = 8000 pS[l - (F gs /-8 V)] 

Id = Idss[1 ~ (^GSti/^GStofn)] - (Eq. 13-3) 

I D = 32 mA[l - (-4 V/-8V)] 2 
I D = 8 mA 

Id = Idss[1 ~ (Ecjsp/Fiastoff))]" (Eq. 13-3) 

I D = 32 mA[l - (-2 V/-8V)] 2 
I D — 8 mA 

Answer: The transconductance equation is g m = 8000 pS 
[1 - (V gs /-8 V)], the drain current at -A V is 8 mA, and 
the drain current at -2 V is 18 mA. 

13-36. Given: 

Payoff) = -5 V (from the graph) 

Idss = 12 mA (from the graph) 

f CS( i) = -lV 

Solution: 

Id = *nss[l - (Eiasd/^Gstoff,)]" (Eq. 13-3) 

I D = 12 mA[l — (-1 V/-5V)] 2 
I n = 7.68 mA 

Answer: The drain current is 7.68 mA. 

13-37. Given: 

V DD = 15 V 
F £ £=-10V 
tf fl = 3.3kll 
J? £ = 4.7kl2 


V BE = 0.7 V 
g m = 2000 pS 
v in = 3 mV 

Solution: 

Id=(V ee -V be )/R e (Eq. 13-13) 

/ o = (10 V-0.7 V)/4.7kl2 
//, = 2 mA 

*z> = V DD - IoR d (Eq. 13-4) 

V D = 15 V- (2 mA)(3.3ki2) 

V D = 8.4 V 

r d = Rd\\Rl 
r d = 3.3 kfl||15 kll 
r d = 2.7 kfl 

A y = g m r d (Eq. 13-17) 

A v = (2000 pS)(2.7 kfl) 

A =5.4 

Vout=^v(Vin) 

Vout = (5.4)(3 mV) 
v out = 16.2 mV 

Answer: The drain voltage is 8.4 V, and the output 
voltage is 16.2 mV. 

13-38. Answer: 

a. Multiply 4 mA and 510 11 to get 2.04 V. 

b. It must equal 2.04 V. 

c. Because of the linearity of the circuit, the meter reads 
half of maximum, or 0.5 mA. 

13-39. Given: 

I DSS — 16 mA 
Rds = 200 H 
r l = io kn 
V DD = 30 V 

Solution: Since V GS is 0 V, it is operating in the active 
region. The JFET appears to be a current source, but 
since the load is so large, the power supply cannot 
supply enough voltage to produce that current and it 
drops into the ohmic region and the JFET acts like 
resistor. 

I— Vdd/(Rds + Rl) 

/= 30 V/(200 12 + 10 kll) 

1= 2.94 mA 

Vds = IRds 

V DS = (2.94 mA)(200 11) 

V DS = 0.59 V 

If the load is shorted, R E = 0 12 and the JFET operates in 
the active region. 

I = 1 DSS 

/= 16 mA 

Eas= Vdd 
Fas = 30 V 

Answer: During nonnal operation, the current is 2.94 mA 
and the voltage across the JFET is 0.59 V. With the load 
shorted, the current is 16 mA and the voltage is 30 V. 
13-40. Answer: 

a. The g m0 is 6000 pS. Multiply this by 1 kll to get a 
voltage gain of 6. 

b. At -1 V, the g m is 4500 pS and the voltage gain is 
4.5. 

c. 3 

d. 1.5 

e. 0.75 
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Id ~ Idss{ 1 - (fWP(as(off)))" 

I D = 4 mA(l - (-1 V/-2.0 V)) 2 
//)= 1 mA 

■6) = fesO “ (^W^GSfoff)))" 

I D = 4 mA(l - (-1.5 V/-2.0 V)) 2 
I D = 0.25 mA 

Answer: 

V as = -0.5 V,/ D = 2.25 mA 
Few =-IV, / fl =lmA 
Eos = -1.5 V,/ d = 250 mA 

14-2. Given: 

F ra = -0.5V 
F G5 = -1.0V 
Fa, = —1.5 V 
F G5 = +0.5V 
F G s = +1.0 V 
K(b = +1.5V 
F G 5( 0 ff) = -2 V 
//MS = 4 mA 

Solution: 

Id = /nss(l - (F G 5 /F GS ( 0 ff)))‘ (Eq. 14-1) 
I D = 4 mA(l - (+0.5 V/-2.0 V)) 2 
I D = 6.25 mA 

Id = IdsA^ - (F G i/F G s ( off)))“ (Eq. 14-1) 
I D = 4 mA(l - (+1 V/-2.0 V)) 2 
Id —9 mA 

Id = Idss{1 - (VasIVas^otf)))" (Eq. 14-1) 
Td = 4 mA( 1 - (+1.5 V/-2.0 V)) 2 
/ B = 12.25 mA 

Answer: 

V GS = 0.5 V, I D = 6.25 mA 
F CS =1V, /„ = 9mA 
F G 5 = 1.5 V,/ D = 12.25 mA 

14-3. Given: 

1 G , = -1.0V 
V as = -2.0V 
V GS =0V 
Kffl = +1.5V 
E gs = +2.5V 
F G s(ofl) = +3 V 
6ms — 12 m A 

Solution: 

2d = 2dss( 1 - (F G5 /E GS ( 0 ff)))‘ (Eq. 14-1) 
I D = 4 mA( 1 - (+1.5 V/+3,0V)) 2 
I D = 3 mA 

2d = Ez)ss( 1 - (F G5 /F GS ( 0 ff)))' (Eq. 14-1) 
I D = 4 mA(l - (2.5 V/+3.0 V)) 2 
In = 0.333 mA 

Answer: 

V GS = 1.5 V,4 = 3mA 
V gs =2.5 V,/ fl = 333 qA 

14-4. Given: 

V G s(o& ) = -3 V 
6ms = 12 mA 

Solution: 

V DS = V dd -(I dss Rd ) (Eq. 14-2) 

Kzw= 12 V - ((12 mA)(470 12)) 

Fqs=6.36 V 

Id = Idss = 12 mA 


Answer: The drain current is 12 mA and the drain- 
source voltage is 6.36 V. 

14-5. Given: 

gmo = 4000 pS 
= 470 12 
= 2 k!2 
F in = 100 mV 

Solution: 

r d = Rd\\Rl 
0 = 470 12||2 k!2 
0=381 12 

A = glid'd 

A v = (4000 qS)(381 12) 

A v = 1.52 

Out — I’m A v 

v out = (100mV)(1.52) 
v out = 152 mV 

Answer: The voltage gain is 1.52, the voltage out is 
152 mV, and o is 381 12. 

14-6. Given: 

gm 0 = 4000 qS 
R D = 680 12 
Ri = 10 k!2 
V m = 100 mV 

Solution: 

o — Rd\\Rl 
0=680 12|| 10 k!2 
0 = 63712 

A = glid'd 

A v = (4000 qS)(637 12) 

A v = 2.55 

Out — I’m A v 

v out = (100mV)(2.55) 
v out = 255 mV 

Answer: The voltage gain is 2.55, the voltage out is 
255 mV, and o is 637 12. 

14-7. Given: 

gmO = 4000 qS 
R d = 680 12 
R l = 10kl2 
V m = 100 mV 
R a = 1 M12 

Solution: 

Z in ~R g ~ 1 M12 

Answer: The input impedance is approximately 1 M12. 

14-8a. Given: 

v DS{ o„) = 0.1 V 

6>«m) = 10 mA 
Solution: 

RdS( on) = FflS( 011 //£) ( on) (Eq. 14-1) 

^as(on) = 0.1 V/10 mA 

RDSton) = 10 12 

Answer: The drain-source resistance is 10 12. 

14-8b. Given: 

Fzw (0 „) = 0.25 V 
I Dion) = 45 mA 
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Solution: 


Solution: 


RdS( on) = EftS( 0 n/Zft(on) (Eq. 14-1) 

Rds( on) = 0.25 V/45 mA 
RdS( on) = 5.56 O 

Answer: The drain-source resistance is 5.56 O. 

14-8c. Given: 

V DS( on) = 0.75 V 
Z D( on) = 100 mA 

Solution: 

RdS( on) = EftS( 0 n/Zft(on ) (Eq. 14-1) 

Ros(on ) = 0.75 V/100 mA 
Ros(m) = 7.5 Cl 

Answer: The drain-source resistance is 7.5 £1 
14-8d. Given: 

EftS(on) = 0.15 V 
7D(on) = 200 mA 

Solution: 

RdS( on) = EftS( 0 n/Zft( 0 n) (Eq. 14-1) 

Rds( on i ~ 0.15 V/200 mA 
RdS( on) = 0.75 Cl 

Answer: The drain-source resistance is 0.75 £2. 

14-9a. Given: 

EgS( on) = 3 V 
Id( on) = 500 mA 
Z?ftS(on) = 2 Cl 
Id{ sat) = 25 mA 

Solution: 

VdS ~ Zft(Sat)/?ftS(on) 

V DS =25 mA (2 £2) 

V D s = 0.05 V 

Answer: The voltage across the E-MOSFET is 0.05 V. 
14-9b. Given: 

EgS( on) = 3 V 
7fl(on) = 500 mA 
RdS( on) = 2 Cl 
Id{ sat) = 50 mA 

Solution: 

VdS = Zft(Sat)/?ftS(on) 

V DS = 50 mA (2 £2) 

E a y = 0.1 V 

Answer: The voltage across the E-MOSFET is 0.1 V. 
14-9c. Given: 

EGS(on) = 3 V 
Zft(on) = 500 mA 
RdS( on) = 2 Cl 
Zft(sat) =100 mA 

Solution: 

Vos = 7ft(Sat)^ftS(on) 

E M = 100 mA (2 O) 

Eos = 0.2 V 

Answer: The voltage across the E-MOSFET is 0.2 V. 
14-9d. Given: 

E G 5(on) = 3 V 
Zft(on) = 500 mA 
RdS( on) = 2 Cl 
Id( sat) = 200 mA 


Efts — Zft(Sat)7?ftS(on) 

Efts= 200 mA (2 O) 

E M = 0.4 V 

Answer: The voltage across the E-MOSFET is 0.4 V. 
14-10. Given: 

EGS(on) = 2.5 V (from Table 14-1) 

/o(o n ) = 100 mA (from Table 14-1) 

R D s( on) =10 £2 (from Table 14-1) 

Eftft = 20 V 
i?ft = 390 Cl 

Solution: 

Eft = [Z?ftS( on/ (RdSI on) + Z?ft)] Eftft 
Eft = [10 0/(10 Cl + 390 O)]20 V 
Eft = 0.5 V 

Answer: The voltage across the E-MOSFET is 0.5 V. 
14-11. Given: 

EGS(on) = 2.6 V (from Table 14-1) 

Zft(o n ) = 20 mA (from Table 14-1) 

RDS(on) = 28 O (from Table 14-1) 

Eftft = 15 V 
Z?ft — 1.8 kO 

Solution: 

Eft = [Z?ftS(on/(Z?BS(on) + Z?fl)] Eftft 
Eft = [28 0/(28 0 + 1.8 kO)]15 V 
Eft = 0.23 V 

Answer: The drain voltage is 0.23 V. 

14-12. Given: 

EGS(on) = 5 V (from Table 14-1) 

Zft( 0n ) = 200 mA (from Table 14-1) 

Z?fts<on) = 7.5 O (from Table 14-1) 

Eftft = 25 V 
Z?ft= 150 0 

Solution: 

Eft = [Z?ft/(Z?ftS( on) + Z?ft)] Eftft 
Eft = [150 0/(7.5 0+150 O)] 25 V 
Eft = 23.8 V 

Answer: The drain voltage is 23.8 V. 

14-13. Given: 

EGS(on) = 10 V (from Table 14-1) 

Zft(on) = 1 A (from Table 14-1) 

Z?fts<on) = 0.9 O (from Table 14-1) 

Eftft = 12 V 
Z?ft — 18 O 

Solution: 

Eft = [Z?ftS(on/(Z?BS(on) + Z?ft)] Eftft 
Eft = [0.9 O/(0.9 O + 18 0)]12 V 
Eft = 0.57 V 

Answer: The drain voltage is 0.57 V. 

14-14. Given: 

EGS(on) = 5 V (from Table 14-1) 

Zfl(on) = 200 mA (from Table 14-1) 

Z?bs( on) = 7.5 O (from Table 14-1) 

Eos = 30 V 
Z?ft ~ 1 kO 
Eled = 2 V 
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Solution: 


Id ~ ( Vdd ~ II LEdV (.HDS(on) + Rd) 

I D — (30 V — 2 V)/(7.5 £2 + 1 k£2) 

I D = 27.8 mA 

Answer: The LED current is 27.8 mA. 

14-15. Given: 

V GS( on) = 2.6 V (from Table 14-1) 

I D ( on ) = 20 mA (from Table 14-1) 

Rds( on) = 28 £1 (from Table 14-1) 

Vdd = 20 V 
Rd — 1 k£2 

Solution: 

Id = (Vdd)/(Rds( on) + Rd) 

I D = (20 V)/(28 £1+1 k£2) 

I D = 19.5 mA 

h = V dd /R l 
I L = 20 V/2 £1 

/i=10A 

Answer: The MOSFET current is 19.5 mA. The load 
current is 10 A. 

14-16. Given: 

Id( active) 1 mA 
l+XST active.) 10 V 

Solution: 

Rd l+xsfactivcy^of active) IFq. 14-6) 

R d = 10 V/l mA 
Rd~ 10 k£2 

Answer: The drain resistance is 10 k£2. 

14-17. Given: 

RdS( on) = 300 £1 
V DD = 12 V 
Rd = 8 k£2 

Solution: When the input is low, the lower MOSFET is 
open and the output voltage is pulled up to the supply 
voltage. When the input is high, the lower MOSFET has 
a resistance of 300 £1. 

v out = on/ (RdS(oti) + -^£>)]VdD 

v out = [300 £1/(300 £1 + 8 k£l)] 12 V 
v out = 0.43 V 

Answer: When the input voltage is low, the output 
voltage is 12 V; when the input voltage is high, the 
output voltage is 0.43 V. 

14-18. Given: 

RdS( on) = 150 £1 
Vdd= 18 V 
Rd~ 2 k£l 

Solution: When the input is low, the lower MOSFET is 
open and the output voltage is pulled up to the supply 
voltage. When the input is high, the lower MOSFET has 
a resistance of 150 £1. 

v out = [ RDS(on)I(RDS(on) + Vdd 

v out = [150 £1/(150 £1 + 2 k£l)]18 V 
Vout = 1.26 V 

Answer: When the input voltage is low, the output 
voltage is 18 V; when the input voltage is high, the 
output voltage is 1.26 V. 

14-19. Answer: The output wavefonn is a square wave with an 
upper peak of+12 V and a lower peak of 0.43 V. 


14-20. Answer: Inverted. 


14-21. Answer: The on MOSFET has an Roston) of 10 V divided 
by 1 mA, which equals 10 k£l. The off MOSFET has an 
Rds( otfi of 10 V divided by 1 pA, which equals 10 M£l. 
When the input voltage is high, the lower MOSFET is 
on, and the output voltage is given by: 


10 k£2 
10.01 M£2 


12 V = 0.012 V 


When the input voltage is low, the lower MOSFET is 
off, and the output voltage is given by: 


10 M£2 
10.01 M£2 


12 V s 12 V 


14-22. Given: 


12-V peak square-wave input 
/= 1 kHz 

Assume the same values from the previous problem. 

Answer: The signal will be 180° out of phase and have a 
maximum value of 12 V and a minimum value of 0 V. 


14-23. Given: 


Vdd — 12 V 
Rds( on) = 5 k£2 
Solution: 


Id ~ VoDl^iRos^n)) 

I D = 12 V/2(5 k£2) 

I D = 1.2 mA 

Answer: The current is 1.2 mA. 


14-24. Given: 

V GS( on)= 10 V (from Table 14-2) 

Id( on) = 2 A (from Table 14-2) 

Ros(on) = 1-95 £2 (from Table 14-2) 

V DD = 12 V 
R d = 10 £2 

Solution: When the input is low, the MOSFET is open 
and no current flows. When the input is high, the 
MOSFET has a resistance ofi? ra(on )= 1.95 £2. 

Id = (Vdd)/ (Roston) + Rd) 

Id = (12 V)/(1.95 £2 + 10 £2) 

//»= 1 A 

Answer: The current is 0 A when the input is low, and 
1 A when the input is high. 

14-25. Given: 


V GS{ 0 n)= 10 V (from Table 14-2) 

ID(on) = 2 A (from Table 14-2) 

Roston) ~ 1-95 £2 (from Table 14-2) 

V DD = 12 V 
Rd~ 6 £2 

Solution: When the input is high, the MOSFET has a 
resistance of R D s(on) = 1 -95 £2. 

Id = (Vdd)/(Rds( on) + Rd) 

I D = (12 V)/(1.95 £2 + 6 £2) 

I D = 1.51 A 

Answer: The current is 1.51 A when the input is high. 

14-26. Given: 

V GS( on)= 10 V (from Table 14-2) 
lot on) = 5 A (from Table 14-2) 

Roston) ~ 1-07 £2 (from Table 14-2) 
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Solution: As the temperature rises 100°C, the normalized 
resistance increases by a factor of 2.25. Thus 2.25/100°C = 
0.0225/°C. The temperature increases 75°C. Thus the 
resistance increases by a factor of 75°C(0.0225/°C) = 
1.69. 

0.17(1.69) = 0.29 Q. 

Answer: The resistance at 100°C is 0.29 fl. 

14-41. Given: 

Fin = 12 V 
Turns ratio = 4:1 

Solution: The primary voltage will be 12 V. 

Ni/N 2 = 4 

Ni/N 2 =V i/F 2 (Eq. 4-14) 

V 2 = Vil{NilN 2 ) 

V 2 = 12 V/4 
F 2 = 3 V 

Answer: The output voltage is 3 V. 
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JOB INTERVIEW QUESTIONS 

5. The SCR remains latched once the initial stimulus is 
removed; the transistor does not. This prevents silencing 
the alarm by a clever burglar or destruction of the sending 
unit by fire or flood, etc. 

6. In every section of the field. 

7. Power-handling capability: The SCR can handle the most 
current, and the power FET the least current. Efficiency: 
The SCR is the most efficient since the control signal can 
be removed once SCR is conducting, and the power FET is 
the next-most efficient since its control current is low. 
Control input: The power FET and BJT are easier to control 
because they can be shut off using the control input. 
Maximum frequency: The power FET switches the fastest. 

PROBLEMS 

15-1. Given: 

V D = 0.7 V 
I H = 4 m A 
R= 1 kll 

Solution: 

F=/ W R + 0.7V (Eq. 15-2) 

F=(4mA)(l kll) + 0.7 V 
F= 4.7 V 

Answer: The power supply voltage will be 4.7 V at 
dropout. 

15-2. Given: 

V D = 0.7 V 


V B = 12 V 
F= 19 V 
R = 5kl2 

Solution: Just before breakover, the capacitor voltage 
is V B . 

I=(V-V b )/R 
/= (19 V - 12 V)/5 kfl 
/= 1.4 mA 

While the diode is conducting, the voltage across it is 
0.7 V. 

I=(V- V n )/R 

/= (19 V - 0.7 V)/5 kfl 

I— 3.66 mA 

Answer: The current through the resistor just before 
breakover is 1.4 mA, and during conduction is 3.66 mA. 

15-3. Given: 

V D = 0.7 V 
V B = 12 V 
F = 19 V 
R = 5kQ 
C= 0.2 pF 

Solution: 

RC= (5 kll)(0.02 pF) 
i?C= 0.1 ms 

T= 0.1 ms since the period equals the RC time 

/= 1/T 
/= 1/10.1 ms 
/= 10 kHz 

Answer: The RC time is 0.1 ms, and the frequency is 
10 kHz. 

15-4. Given: 

V D = 0.7 V 
V B = 20 V 
I H = 3 mA 
R= 1 kfi 

Solution: Since the diode is open before breakover, no 
current flows before the device breaks over. Thus when 
the power supply reaches breakover voltage, the device 
will break over. 

V= I h R + 0.7 V (Eq. 15-2) 

F=(3mA)(l kfl) + 0.7 V 
F= 3.7 V 

Answer: The power supply voltage will be 20 V at 
breakover and 3.7 V at dropout. 

15-5. Given: 

V D = 0.7 V 
Vg= 12 V 
F= 19 V 
R= lOkll 
C= 0.06 pF 

Solution: The maximum voltage across the capacitor 
will be breakover voltage, because as soon as the device 
breaks over, the voltage drops to about 0.7 V. 

RC= (10 kfl)(0.06 pF) 
i?C= 0.6 ms 

Answer: The maximum voltage across the capacitor is 
12 V, and the time constant is 0.6 ms. 

15-6. Given: 
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v GT - l.o V 
Iqj ~ 2 mA 
I H = 12 mA 
V cc = 12 V 
R a = 2.2 kfl 
R = 47 fl 

Solution: When the SCR is off, no current flows. The 
output voltage when the SCR is off is the same as the 
power supply voltage. 

V m =V GT + I CT R G (Eq. 15-1) 

V m = 1 V + (2 mA)(2.2 kfl) 

C,„=5.4V 

V=I h R + 0.1V (Eq. 15-2) 

V cc = (12 mA)(47 ST) + 0.7 V 
V cc = 1.26 V 

Answer: The output voltage when the SCR is off is 12 V. 
The input voltage required to turn on the SCR is 5.4 V, 
and the supply voltage required to turn the SCR off is 
1.26 V. 

15-7. Given: 

V aT = 0.7 V 
Iqt ~ 1.5 mA 
I H = 2 m A 
V cc = 12 V 
R g = 4.4 kfl 
R = 94 fl 

Solution: 

V m =V GT + I ct R g (Eq. 15-1) 

V in = 0.7 V + (1.5 mA)(4.4 kfl) 

C,„ = 7.3 V 

Answer: The input voltage required to turn on the SCR 
is 7.3 V. 

15-8. Answer: The highest output occurs when 0.8 V is across 
the 500-fl resistor. The current through this resistor is 
0.8 V divided by 500 £1, which equals 1.6 mA. This 1.6 mA 
must flow through the 3.3-k£l resistor. The 200 pA of 
gate current must also flow through the 3.3-k£l resistor. 
If we ignore the 200 pA on the grounds that it is much 
smaller than 1.6 mA, we get an approximate answer of: 

V= 0.8 V + (1.6 mA)(3.3 kfl) = 6.08 V 

If we include the 200 pA, we get a slightly larger output 
voltage: 

V= 0.8 V + (1.6 mA + 200 pA)(3.3 kfl) = 6.74 V 
15-9. Given: 

V GT = 1.5 V 
I G t= 15 mA 
I H = 10 mA 
V cc = 12 V 
R g = 2.2 kfl 
i? = 47 fl 

Solution: 

V^V gt + I ct R g (Eq. 15-1) 

V m — 1.5 V + (15 mA)(2.2 kfl) 

F in = 34.5 V 

V cc =IhR + 0.7 V (Eq. 15-2) 

V cc = (10 mA)(47 fl) + 0.7 V 
V cc = U7V 

Answer: The input voltage required to turn on the SCR 
is 34.5 V, and the supply voltage required to turn the 
SCR off is 1.17 V. 


15-10. Given: 

V GT = 2 V 
I G t~ 8 mA 
I H = 2 mA 
V cc = 12 V 
R g = 6.6 kfl 
R - 141 fl 

Solution: 

V m =V GT + I GT R G (Eq. 15-1) 

F in = 2 V + (8 mA)(6.6 kfl) 

F, n = 54.8 V 

Answer: The input voltage required to turn on the SCR 
is 54.8 V. 

15-11. Given: 

R = 750 fl 
R\ = 3.3 kfl 
R 2 = 6.8 kfl 
C = 4.7 pF 

Solution: 

RC = R,h(cap)C 

RC= (2.54 kfl)(4.7 pF) 

RC= 11.9 msec 

R llt =R\\Ri 
R,h= 750||3.3 kfl 
R,h = 611 fl 

Answer: The charging time constant is 11.9 ms. and the 
Thevenin resistance is 611 fl. 

15-12. Given: 

R t = 1 kfl 
R 2 = 4.6 kfl 
C= 0.47 pF 

Solution: 

X c = 1/(2ji/C) 

X c = 1/(2ji( 60 Hz)(0.47 pF) 

X c = 5644 fl 

z = Jr 2 +x 2 _ 

Z = ^5.6A'£l 2 + 5.644A-£2 2 
Z = 7.95 Afl 


0 z =Z - arctan 
0 z =Z - arctan 



5.644 Afl 
5.6Afl j 


0 Z = Z- 45° 


{ R 


_ y„ 

Z T X- arctan 

120 VZ0° 

' 7.95 Afl Z-45° 
I r Z0=15 mAZ- 45° 


I r ZQ: 


I r ZQ-- 


v c = (/ c ze)(x c z- 90°) 

V c = (15 mA Z - 45°)(5644 £2 Z - 90°) 
V c =85 V Z-45°) 

0 ^= 18 O°- 0 ^. 

0^=180°-45° 
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0W = 135 

Answer: The firing angle is 45°, the conduction angle is 
135°, and the voltage across the capacitor is 85 Vac. 

15-13. Given: 

Ri= 1 kn 
R -2 = 50 kll pot 
C= 0.47 pF 

Solution: Perfonn the following calculations with an R 
value of 1 k£2 and 51 kfl. 

X c — \K2nfC) 

X c = 1/(2ti(60 Hz)( 0.47 pF) 

X c = 5644 Q 

z = Jr 2 + x 2 _ 

Z = -Jl kQ 2 + 5.644 kQ 2 
Z= 5.732 kQ 


0z 


= Z -arctan 


= Z -arctan 



5.644 
1 kQ ) 


6 Z = Z -80° 


/ C Z0 


/ c ze 


v 

' in 

Z T Z -arctan 

120 FZ 0° 
5.732 kQ Z - 80° 



I c Z 0 = 20.9 mA Z 80° 

V c = (Jc Z 0)(X C Z - 90°) 

V c = (20.9 mA Z 80°)(5644 QZ- 90°) 
V c = 118 FZ - 10° 


Answer: The minimum firing angle is 10°, and the 
maximum firing angle is 83.7°. 


15-14. Given: 


Ri = 1 k£2 
R 2 = 50 k£2 pot 
C= 0.47 pF 

Solution: Perfonn the following calculations with an R 
value of 1 k£2 and 51 k£2. 


X c =l/(2nfC) 

X c = 1/(2ti( 60 Hz))(0.47 pF) 
X c = 5644 Q 

z = Jr 2 + z 2 _ 

Z = yjl kQ 2 + 5.644 kQ 2 
Z= 5.732 kQ 


e z 

®z 


= Z -arctan 


= Z -arctan 



5.644 kQ'] 
1 kQ ) 


e z = z -80° 


/ c ze 


V. 
r in 

Z T Z -arctan 



/ c ze = 120VZ0 ° 

5.732 kQ Z -80° 
l c Z 0 = 20.9 mA Z 80° 


V c = (l c Z 0)(Z C 


-90°) 


V c = (20.9 mA Z 80°)(5644 QZ - 90°) 

V c =118 FZ - 10° 

0°cW=lBO°-0%„ g 

e°<w=i8o°-io° 
e° co „ rf = 170° 

Answer: The minimum conduction angle is 170°, and 
the maximum conduction angle is 96.3°. 

15-15. Given: 

V aT = 0.8 V 

/ (,t — 200 pA 

V z = 10 V 
Solution: 

V cc = F z + V GT (Eq. 15-3) 

V cc ~ 10 V + 0.8 V 
V cc = 10.8 V 

Answer: The voltage needed to trigger the crowbar is 

10.8 V. 

15-16. Given: 

V GT = 1.5 V 
l (,t — 200 pA 
F z = 10 V± 10% 

Solution: 

Fz,max)= F z + 0.1(F Z ) 
lz(max)= 10 V+ 0.1(10 V) 

F z(m ax)=ll V 

Fcc=F z +F Gr (Eq. 15-3) 

F cc = 11 V+ 1.5 V 
F cc = 12.5 V 

Answer: The voltage needed to trigger the crowbar is 
12.5 V. 

15-17. Given: 

Vct — 0.8 V 

/( t T — 200 pA 

F z = 12 V 
Solution: 

Vtn,* Vz+Vgt (Eq. 15-3) 

F trig = 12 V + 0.8 V 
F trig = 12.8 V 

Answer: The SCR will trigger at 12.8 V. 

15-18. Given: 

V GT = 0.8 V 
Iqt= 200 pA 
F z = 12 V 

Solution: 

F cc = F z + F cr (Eq. 15-3) 

V cc = 12 V + 0.8 V 
F cc = 12.8 V 

Answer: The voltage needed to trigger the crowbar is 

12.8 V. 

15-19. Given: 

V b = 20V 
V GT = 2.5 V 

Solution: Ignore the gate current in the triac. Then 

V G = V B + F G r 
F c = 20 V + 2.5 V 
F c = 22.5 V 
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Answer: The capacitor voltage required to turn on the 
triac is 22.5 V. 

15-20. Given: 

V cc = 100 V 
r= 15 n 

Solution: Ideally, when the triac is conducting, the 
voltage drop across it is 0 V. 

7= V CC IR 

7= 100 V/15 Q. 

7=6.67 A 

Answer: The load current is 6.67 A. 

15-21. Given: 

V B = 28 V 
V aT = 2.5 V 

Solution: Ignore the current through the diac and triac. 
Then 

Vc = V B + Vgt 
V c =28 V + 2.5 V 
F c = 30.5 V 

Answer: The capacitor voltage required to turn on the 
triac is 30.5 V. 

15-22. Given: 

V cc = 15 V 
i? 2 = 1 kO 
R } = 2V 

Solution: 

legate = [7? 3 /(7 ? 2 + 7 ? 3 )]V C c (Voltage divider fonnula) 
F gate = [2 kST/( 1 k£2 + 2 k£2)] 15 V 

Fga,e= 10 V 

Ranode = RjWg + 0.7 V 
Fanode=10V+0.7 
Ra„ode = 10.7 V 

Answer: The gate trigger voltage is 10 V and the anode 
is 10.7 V. 

15-23. Given: 

V cc ~ 15 V 

Fga,e= 10 V 

Ra„ode = 10.7 V 
Solution: 

Vr 4 = kanode — 0.7 V 
V R4 = 10.7 V -0.7 
f /4 =10 V 

Answer: The peak voltage across R 4 = 10 V. 

15-24. Answer: The output wavefonn will be a sawtooth 
waveform from 0 V to 10.7 V. 

CRITICAL THINKING 

15-25. Answer: The breakover voltage of the diode, which is 
10 V. 

15-26. Answer: The breakover voltage of the diode, which is 
10 V. 

15-27. Given: 

R \ = 0 to 50 kll 
R 2 = 1 kQ. 

C=0.1 pF 
T=20%(RC) 


Solution: 

Rmax ~ R 1 (max) 

i? m ax = 1 k£2 + 50 kX2 
R max = 5\kQ 

Rmin — // T R 1 (min) 

i?min = 1 k !2 + 0 kfl 

T^min 1 kll 

22 C m ax T^maxC 
7?Cmax = (51kl2)(0.1 pF) 

7?Cmax= 5.1 ms 

7^C m in 7?maxC 
7?C’m,n = (1 kn)(0.1 pF) 

^Cmm = 0.1 msec 

7max = 0.2(i?C max ) 

Tmax = 0.2(5.1 ms) 

7max = 1-02 ms 

Tmin = 0.2(i?C m m) 
r min = 0 . 2 ( 0.1 ms) 

Tmm = 0.02 ms 

/max 1/T m j n 
/max = 1 / 0.02 ms 

/ max =50 kHz 

/nin l/7max 
/min= 1/1-02 ms 

/nin =980 HZ 

Answer: The maximum frequency is 50 kHz, and the 
minimum is 980 Hz. 

15-28. Given: 

R= 100 12 
Vcc = 15 V 

Solution: In a dark room the SCR is off and the output 
voltage is 15 V. Once the SCR fires, its voltage drops to 
0.7 V. 

7=(F cc -0.7V)/i? 

7= (15 V-0.7 V)/100O 
7= 143 mA 

Answer: The output voltage when it is dark is 20 V and 
when it is light is 0.7 V, and the current through the 
resistor is 143 mA when it is light. 

15-29. Answer: 

Trouble 1: Since there is voltage at D and not at E, the 
wire connecting the two is open. 

Trouble 2: No supply voltage. 

Trouble 3: Since there is voltage at B and not at C, the 
transfonner is the problem. 

Trouble 4: Since there is voltage at A and not at B, the 
fuse is open. 

15-30. Answer: 

Trouble 5: Since there is an overvoltage and the crowbar 
is off, the problem is the crowbar. 

Trouble 6 : Since there is voltage at C and not at D and 
the load resistor is not shorted, the rectifier is the 
problem. 

Trouble 7: Since there is voltage at E and not at F, the 
wire connecting the two is open. 

Trouble 8 : Since there is voltage at A and not at 5, the 
fuse is open. 
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Chapter 16 Frequency Effects 

SELF-TEST 


1. a 

6. c 

11. c 

16. a 

2. b 

7. b 

12. c 

17. d 

3. c 

8. c 

13. d 

18. b 

4. c 

9. c 

14. a 

19. c 

5. b 

10. d 

15. c 

20. a 


JOB INTERVIEW QUESTIONS 

1. Too much stray-wiring capacitance. Shorten the leads as 
much as possible. 

2. With a sine wave, find the frequency at which the voltage 
gain is down 3 dB. With a square wave, use the step- 
response method. 

5. Some oscilloscopes (with plug-in vertical preamps) specify 
the risetime of the main frame. A risetime of 0.7 ns 
converts to a bandwidth of 50 MHz. 

6 . Use a step voltage and measure the risetime of the output signal. 

8 . Maximum power transfer. 

9. dBm is referenced to 1 mW, whereas dB is not referenced 
to any standard. 

10. Because it amplifies down to 0 Hz, which is the frequency 
of a dc signal. 

11. Semilogarithmic 

12. It is a computer program that provides electronic circuit 
simulation. It is used to build, test, and analyze simulated 
circuits. 


PROBLEMS 

16-1. Given: 

^v(mid) = 1000 

f = 100 Hz 
/ 2 = 100 kHz 

Solution: 

A v( 20K>= A m J\J l + (f/f) r ] (Eq. 16-3) 

A( 20 K)= 1000/[^1+(100Hz/20 Hz) 2 ] 
zly(20K) =196 

zly(300K) = 4„iH /rV j+(//./;) 2 l _ (Eq. 16-3) 

y4y(300K)= 1000/[^/l+(300 kHz/100 kHz) 2 ] 

^y(300K) = 316 

Answer: The frequency response looks like the figure 
below; the gain at 20 Hz is 196, and at 300 kHz is 316. 


1000 

707 


100 Hi 300 kHi 

Frequency response for Prob. 16-1. 

16-2. Answer: See the figure below. 


500.000 
353.000 


IS Hi 

Frequency response for Prob. 16-2. 




16-3. Given: 

vfmid) — 200 

/ 2 = 10 kHz 

/= 100 kHz, 200 kHz, 500 kHz, 1 MHz 
Solution: Substitute in the appropriate value for f. 



A v = 19.9 

Answer: A v = 19.9 at 100 kHz, A v = 9.98 at 200 kHz, 
A v = 4 at 500 kHz, A v = 2 at 1 MHz. 

16-4. Given: A P = 5, 10, 20, 40 
Solution: 

zlp(dB) = 10 log Ap 
Ap( dB) = 10 log(5) 
zlp(dB) = 7 dB 

Ap( dB) = 10 log Ap 
zlp(dB) = 10 log(10) 
zlp(dB) = 10 dB 

zlp(dB) = 10 log A P 
Ap{AW) ~ 10 log(20) 
zlp(dB) = 13 dB 

zlp(dB) = 10 log4p 
Ap( dB) = 10 log(40) 
zlp(dB) = 16 dB 

Answer: The decibel power gain is 7 dB at a power gain 
of 5, 10 dB at 10, 13 dB at 20, and 16 dB at 40. 

16-5. Given: A P = 0.4, 0.2, 0.1, 0.05 
Solution: 

zlp(dB) = 10 logzfy (Eq. 16-8) 
zlp(dB) = 10 log(0.4) 
zlp(dB) “ 3.98 

zlp(dB) ~ 10 log4p (Eq. 16-8) 
zlp(dB) = 10 log(0.2) 

^4p(dB) = -6-99 

zlp(dB) = 10 log4p (Eq. 16-8) 
zlp(dB) = 10 log(O.l) 

zlp(dB) = 10 

zlp(dB) = 10 log4p (Eq. 16-8) 

zlp(dB) = 10 log(0.05) 

zlp(dB) = -13 

Answer: The decibel power gain is -3.98 at a power gain 
of 0.4, -6.99 at 0.2, -10 at 0.1, and -13 at 0.05. 

16-6. Given: A P = 2, 20, 200, 2000 
Solution: 

zlp(dB) = 10 log4p (Eq. 16-8) 

zlp(dB) = 10 log(2) 

A P ( dB) = 3 dB 

zlp(dB) = 10 log4p (Eq. 16-8) 

A P ( dB) = 10 log(20) 

zlp(dB) = 13 dB 
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^P(dB) = 10 log A P (Eq. 16-8) 

^P(dB) = 10 log(200) 

^P(dB) = 23 dB 

^P(dB) = 10 logpfp (Eq. 16-8) 

^lp(dB) = 10 log(2000) 

^lp(dB) = 33 dB 

Answer: The decibel power gain is 3 dB at a power gain 
of 2, 13 dB at 20, 23 dB at 200, and 33 dB at 2000. 

16-7. Given: A P = 0.4, 0.04, 0.004 
Solution: 

^4p(dB) = 10 logpfp (Eq. 16-8) 

^4p(dB) = 10 log(0.4) 

^4p(dB) = -3.98 

^P(dB) = 10 logpfp (Eq. 16-8) 

^4p(dB) = 10 log(0.04) 

^4p(dB) = -13.98 

-4p(dB) = 10 lo gA P (Eq. 16-8) 

^4p(dB) = 10 log(0.004) 

^4p(dB) = -23.98 

Answer: The decibel power gain is -3.98 dB at a power 
gain of 0.4, -13.98 dB at 0.04, and -23.98 dB at 0.004. 

16-8. Given: 

A vl = 200 
A v2 = 100 

Solution: 

A v = A vI A y2 (Eq. 16-10) 

A v = (200)(100) 

Ay = 20,000 


Answer: The decibel voltage gain is 82, and the voltage 
gain is 12,589. 

16-11. Given: 

^vi(dB) = 30 dB 
^4v2(dB) = 52 dB 

Solution: 


Ay i = antilog(^ vl(dB / 20 ) 

Ayi = antilog(30 dB/20) 

(Eq. 16-15) 

A v i = 31.6 


A y2 = antilog(^ v 2 ( d B /20) 

Ay 2 = antilog(52 dB/20) 

Ay 2 = 398 

(Eq. 16-15) 


Answer: The voltage gain of the first stage is 31.6, and 
the second stage is 398. 

16-12. Given: A v = 100,000 
Solution: 

^v(dB) = 20 logpf v (Eq. 16-9) 
pf v(dB) = 20 log( 100 , 000 ) 

^v(dB) = 100 

Answer: The decibel voltage gain is 100 dB. 

16-13. Given: A iB = 34 dB 
Solution: 

A v = antilog(^ v ( dB )/20) (Eq. 16-15) 

Ay = antilog(34 dB/20) 

Ay= 50.1 

Answer: The voltage gain is 50.1. 

16-14. Given: 


^v(dB) = 20 logAy (Eq. 16-8) 

A v(dBi = 20 log(20,000) 

^v(dB) = 86 dB 

Answer: The voltage gain is 20,000, and the decibel 
voltage gain is 86 dB. 

16-9. Given: 


Ay i = 25.8 
Ay 2 ~ 117 

Solution: 

Ai(dB) = 20 log^ vl (Eq. 16-9) 

^vi(dB) = 20 log(25.8) 

^vi(dB) = 28.2 dB 


16-10. 


A vl = 200 

A v2 = 100 

Solution: 


^v 2 ( dB) = 20 logpf v2 (Eq. 16-9) 

A v2(dB) = 20 log( 117) 

^v2(dB) = 41.4 dB 

^vl(dB) = 20 log^ v i 
^vi(dB) = 20 log(200) 
^vi(dB) = 46 dB 

(Eq. 16-8) 

^v(dB) = ^vl(dB) +^v2(dB) (Eq. 16-11) 

^v(dB) = 28.2 dB +41.4 dB 

A v(dB) = 69.6 dB 

^v2(dB) = 20 log/l v 2 
^v2(dB) = 20 log(100) 
^v2(dB) = 40 dB 

(Eq. 16-8) 

Answer: The decibel voltage gain for the first stage is 
28.2 dB, the second stage is 41.4 dB, and overall is 
69.6 dB. 

Answer: The decibel voltage gain for stage 1 is 46 dB, 
and stage 2 is 40 dB. 

Given: 

^vi(dB) = 30 dB 
^v2(dB) = 52 dB 

Solution: 

16-15. Given: 

Api(dB) = 23 dB 
j 4p2(dB> = 18 dB 

Solution: 

Ap\(iB) = ^vi(dB) = 23 dB 
j 4p2(dB) = ^v2(dB) = 18 dB 

^v(dB) — ^vl(dB) + ^v2(dB) 

yt v (dB) = 30 dB + 52 dB 
^v(dB) = 82 dB 

(Eq. 16-11) 

^v(dB) = ^vl(dB)+^v2(dB) (Eq. 16-11) 

^v(dB) = 23 dB + 18 dB 

A v(dB) = 41 dB 

Ay = antilog(^ v(d B)/20) 
Ay = antilog(82 dB/20) 
Ay = 12,589 

(Eq. 16-15) 

Answer: The total decibel voltage gain is 41 dB, the 
first-stage decibel voltage gain is 23 dB, and the second 
stage voltage gain is 18 dB. 
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16-23. Given: 

C= 1000 pF 
R= lOkll 

Solution: 
f 2 = 1/(2 nRQ 

f 2 = 1/[2ti( 10 kfi)(1000 pF)] 
/ 2 = 15.9 kHz 

Answer: See figure below. 


Arid*! 



16-24. Given: 

R=lkQ 
C= 50 pF 

Solution: 

f 2 = V(2nRC) 

f 2 = 1/[2ti( 1 k£2)(50 pF)] 

/ 2 = 3.18 MHz 

Answer: See figure below. 





16-25. Given: 

R=\5kD. 

C= 100 pF 

zf v(mid) = 400 

Solution: 

f 2 = V(2 kRC) 

f 2 = 1/[2ji( 15 kll)(100 pF)] 

f 2 = 106 kHz 

Hv(dB) = 20 logH v (Eq. 16-9) 
y4 v (dB) = 20 log(400) 

^v(dB) = 52 dB 

Answer: See figure at top of next column. 


^vWBl 



16-26. Given: 

C= 5pF 
A v = 200,000 

Solution: 

C m =C(A v + 1) (Eq. 16-26) 

C m = 5 pF(200,000 + 1) 

Cm = 1 pF 

Answer: The Miller input capacitance is 1 pF. 
16-27. Given: 

C= 15 pF 
A v = 250,000 
R l = 10kl2 
l? in = 1 kO 

Solution: 

C m - C(A V + 1) (Eq. 16-26) 

C in = 15 pF(250,000 + 1) 

C in = 3.75 pF 

f 2 = l/(27ti RQ 

f 2 = 1/[2ti( 1 kll)(3.75 pF)] 

f 2 = 42 kHz 

H v(dB) = 20 logH v (Eq. 16-9) 

A v(dBi = 20 log(250,000) 

A v(dB) = 108 dB 

Answer: See figure below. 


Addei 



Ideal Bode plot for Prob. 16-27. 


16-28. Given: 

C= 50 pF 
A v = 200,000 

Solution: 


Cm = C(A V + 1) (Eq. 16-26) 

C in = 50 pF(200,000 + 1) 

C in = 10 pF 

Answer: The Miller input capacitance is 10 pF. 
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16-29. Given: 

C 100 pF 
A v = 150,000 
R l = lOkll 
R ia = 1 kO 

Solution: 

C in =C(H v +l) (Eq. 16-26) 
C m = 100 pF( 150,000+ 1) 

C,n = 15 pF 
f 2 = l/(2nRC) 
f 2 = l/OO kfi)(15 pF)] 
fi = 11 Hz 

zl v(dB) = 20 log A v (Eq. 16-9) 
H v (dB) = 20 log(l 50,000) 

A v(dB) = 104 dB 
Answer: See figure below. 





Ideal Bode plot for Prob. 16-29. 


16-30. Given: 

T r = 10 ps 
Solution: 

f 2 = 035/T R (Eq. 16-29) 
f 2 = 0.35/10 ps 
f 2 = 35 kHz 

Answer: The upper cutoff frequency is 35 kHz. 
16-31. Given: 

T r = 0.25 ps 
Solution: 

f 2 = 035/T R (Eq. 16-29) 

f 2 = 0.35/0.25 ps 
f 2 = 1.4 MHz 

Answer: The bandwidth is 1.4 MHz. 

16-32. Given: 

f 2 = 100 kHz 
Solution: 

f 2 = 035/T R (Eq. 16-29) 

T r = 0.35//2 
T r = 0.35/100 kHz 
T r = 3.5 ps 

Answer: The risetime is 3.5 ps. 

16-33. Given: 

C= 1 pF 
R = 50 Q 
Solution: 

R'm ^in( Stage) 

K=RAR2\\V< 

R m = 111 Cl 


fci ■ \/(2nR,,C) 

fc\ ~ 1/[2ji( 717 fl)(l pF)] 

fa = 222 Hz 

Answer: The lower cutoff frequency for the base 
coupling circuit is 222 Hz. 

16-34. Given: 

C-4.7 pF 
R c = 3.6 kfi 
R l = 10kl2 

Solution: 

R = R( + Rl 
R = 36 k£2 + 10 kfi 
i? = 13.6 kO 

fa = 1/(2ti RC) 

fa = 1/[2ti( 13.6 kO)(4.7 pF)] 

fa = 2.49 Hz 

Answer: The lower cutoff frequency for the collector 
coupling circuit is 2.49 Hz. 

16-35. Given: 

C = 25 pF 
R c = 3.6 kfi 
R l = lOkll 

Solution: 

fa = l/(2jtZ out C) 

fa = 1/[2ti( 22.4 ST)(25 pF)] 

fa = 284 Hz 

Answer: The lower cutoff frequency for the emitter 
bypass circuit is 284 Hz. 

16-36. Given: 

C[ = 2 pF 

c; = io p f 
C L y = 5 PF 
= 10 kt2 
R 2 = 2.2 kll 
R c = 3.6 kfl 
R L = l0kfl 
R a = 50kQ. 

(3 = 200 

Solution: 

r g = RcWRiWRi 

r g = 50 12j|10 kfl||2.2 kll 

r g = 48 Q 

Cin(m)= 236 pF 
C = C ln(m) + C: = 246pF 

Base 

f 2 =l/(2nr g Q 

f 2 = 1/[2ti( 48 £2)(246 pF)] 

f 2 = 13.5 MHz 

Collector 

C = C' + C stray = 7 pF 

C'ouUm) — 2 pF 

R = Rc + Rl 

R = 3.6kll+ 10kl2 
R= 13.6 kll 

f 2 = 1/(2tc RC) 

f 2 = 1/0(13.6 n)(1.3 pF)] 

f 2 = 8.59 MHz 

Answer: The high cutoff frequency for the base is 13.5 
MHz and the collector is 8.59 MHz. 
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16-37. Given: 

g m = 16.5 mS 
C lSS = 30pF 
C 0 ss = 20 pF 
CrSS = 5 pF 
Solution: 

C g d = C r ss = 5 pF 
CgS = C iSS - C rS s 
C gS = 30 pF - 5 pF 
C gS = 25 pF 

CdS = C 0 ss — C r ss 
C ds = 20 pF - 5 pF 
Cds = 15 pF 

Answer: C gS = 25 pF, C gd = C rS s = 5 pF, C d s = 15 pF. 
16-38. Given: 

R\=2 MU 

r 2 = i Mn 

Rd — 1 kH 
R l = 10 kn. 

R a = 50Q. 

C in = 0.01 pF 
C ou t = 1 pF 

Solution: 

R'm ^in(Stage) 

Rm = ^lll ^2 
R m = 667 kD 

fa = 1/(271 R m Q 

fci = 1/[2ti( 667 kn)( 0.01 pF)] 

fa = 23.9 Hz or 14.5 Hz 

Answer: The dominant low cutoff frequency is 23.9 Hz. 
16-39. Given: 

Ri = 2MQ. 

R 2 ~IM£1 
R[)— 1 kfl 

r l = io kn 

/? o =50kD 

Cgd = 5 pF (from Prob. 16-37.) 

C gS = 25pF (from Prob. 16-37.) 

Cds = 015pF (from Prob. 16-37.) 

Solution: 

K = gm r d 

A v = (16.5 mS)(l knyiOkn) 

A v = 15 

Cm (m) = C gd (A v + 1) (Eq. 16-40) 

Ci n(m) = 5 pF(15 + 1) 

Cin(m) = 80 pF 
C — Cgs T C m(m ) 

C= 25 pF + 80 pF 
C= 105 pF 
R = R a \\R l \\R2 
r = so np Mnp Mn 
R = 50 n 

Gate 

f 2 = 1/(2; iRQ 

f 2 = 1/[2ti( 50 n)(105 pF)] 

f 2 = 30.3 MHz 

Collector 

C„u,(M) = C gd [(A v + 1 )/H v ] (Eq. 16-41) 

C„ u t( M) = 5 P F[(15 + 1 )/l 5] 

Cout(M) 6.3 pF 


C Cds "F C ou t( m ) 

C= 15 pF + 5.3 pF 

Drain 

f 2 = 1/(2 nRQ 

f 2 = 1/[2ti(909 n)(20.3 pF)] 

f 2 = 8.61 MHz 

Answer: The high frequency cutoff for the gate is 30.3 
MHz and the drain is 8.61 MHz. 

CRITICAL THINKING 

16-40. Given: 

f 2 = 100 Hz 
A v( d B) = 80 dB 
Solution: 

-^v(mid) antilog(r4 v(dB /20) (Eq. 16-15) 

^v(mid) = antilog(80 dB/20) 

^v(mid)= 10,000 

+(Mf] (E q. 16-3) 

A v( 20K) = 10,000/[^/l + (20 kHz/100 Hz ) 2 ] 

A v ( 20K) = 50 

A v( d B) = 20 log A (Eq. 16-9) 

A v( d B) = 20 log(50) 

A v( d B) = 34 dB 

4 r ^ = ^/[J } + (M) 2 l (Eq. 16-3) 

A ( 44 . 4 k, = 10,000/(^1 + (44.4 kHz/100 Hz ) 2 ] 

Ay(.44 .4K) = 22.5 

A v( d B) = 20 log A v (Eq. 16-9) 

A(dB) = 20 log(22.5) 

A v( d B) = 27 dB 

Answer: The decibel voltage gain at 20 kHz is 34 dB, 
and at 44.4 kHz is 27 dB. 

16-41. Given: 

f 2 = 100 Hz 

Second breakpoint is 10 kHz 

A v(mid) = 120 dB 

Solution: Since the roll-off is 20 dB/decade at a frequency 
of 1 kHz (one decade above the cutoff frequency), the 
gain is 100 dB (20 dB less than the midband), and at 10 
kHz the gain is 80 dB. From this point the roll-off 
increases to 40 dB/decade; thus at 100 kHz, the gain will 
be 40 dB. 

Answer: The voltage gain at 100 kHz is 40 dB. 

16-42. Given: 

Fi„ = 20 mV 
A v(mid) =100 
Solution: 

Fout(max) 4 vi mid) F m 

Cout(max) = (100)(20 mV) 

Cout(max) — 2 V 

At the 10% point = 0.1 F ou ,( max) 

At the 10% point = 0.1(2 V) 

At the 10% point = 0.2 V 

At the 90% point = 0.9 F out(max , 

At the 90% point = 0.9(2 V) 

At the 90% point = 1 .8 V 

Answer: The voltage at the 10% point is 0.2 V, and at 
the 90% point is 1 .8 V. 
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16-43. Given: 

R = 4kn 
C= 50 pF 

Solution: 

f 2 = V(2nRC) 

f 2 = 1/[2ti( 4 k£2)(50 pF)] 

f 2 = 796 kHz 

4 = 0.35/4 (Eq. 16-29) 

Tr = 0.35//2 
T r = 0.35/796 kHz 
4 = 0.44 ps 

Answer: The risetime is 0.44 ps. 

16-44. Given: 

f 2 = 1 MHz 
4=1 ps 
Solution: 

f 2 = 0.35/4 (Eq. 16-29) 

f 2 = 0.35/1 ps 
f 2 = 350 kHz 

Answer: The amplifier with the cutoff frequency of 
1 MHz has the larger bandwidth. 


Chapter 17 Differential Amplifiers 

SELF-TEST 


l.b 

7. b 

13. c 

19. b 

2. c 

8. a 

14. a 

20. c 

3. a 

9. d 

15. a 

21. a 

4. c 

10. a 

16. b 

22. c 

5. b 

11. c 

17. d 

23. c 

6. a 

12. b 

18. c 



JOB INTERVIEW QUESTIONS 

6 . Use a transistor as a current source instead of a tail resistor. 

It could be a regulator configuration or a current source. 

9. A transistor acting as a current source. 

11. Current sources and active loads. 

12. Increased voltage gain and higher CMRR. 

13. Trick question. You can’t test a 741 with an ohmmeter. 

PROBLEMS 

17-1. Given: 

V cc = 15 V 
V EE = -15 V 
R e = 270 kll 
74 = 180 kfl 

Solution: 

I T =-V ee /R e 

I t =-15 V/270 kfl 
I T = 55.6 pA 

I E = 1/2 I T 
I E = 1/2(55.6 pA) 

4 = 27.8 pA 

V c = Fee-(27.8 pA)(180 kO) 

V c = 10 V 

Answer: The tail current is 55.6 pA, the emitter is 27.8 
pA, and the quiescent voltage is 10 V. 


17-2. Given: 

V cc = 15 V 
V ee =-15 V 
R e = 270 kfl 
R c = 180 kll 

Solution: 

It~ ( “ Vee “ Vbe)!Re 

7 r = (-15 V - 0.7 V)/270 kfl 

I T = 53 pA 

I E = 1/2 1 T 

I E = 1/2(53 pA) 

4 = 26.5 pA 

V c = Fee-(26.5 pA)(180 kO) 

F c = 10.2 V 

Answer: The tail current is 53 pA, the emitter is 26.5 
pA, and the quiescent voltage is 10.2 V. 

17-3. Given: 

V cc = 12 V 
V ee = -\2V 
74 = 200 kfl 
7?c = 200kl2 

Solution: 

I T = (- V ee )/R e 
I T = (- 12 V)/200 kll 
I T = 60 pA 

I E = 1/2 It 
I E = 1/2(60 pA) 
l F = 30 pA 

Right Side 

V c =V cc -( 30 pA)(200 kfl) 

F c = 6 V 

Left Side 
F c = 12 V 

Answer: The tail current is 60 pA, the emitter is 30 pA, 
and the quiescent voltage is 6 V on the right side and 
12 V on the left side. 

17-4. Given: 

V cc = 12 V 
V EE = -\2V 
74 = 200 kfl 
74 = 200 kll 

Solution: 

It~ (~ Vee~ Vbe)!Re 
I T = (- 12 V - 0.7 V)/200 kll 
I T = 56.5 pA 

I E =ViI T 

I E = 1/2(56.5 pA) 

7 £ = 28.3 pA 

Right Side 

F c = F cc -(28.3 pA)(200 kll) 

F c = 6.35 V 

Left Side 
F c = 12 V 

Answer: The tail current is 56.5 pA, the emitter is 28.3 
pA, and the quiescent voltage is 6.35 V on the right side 
and 12 V on the left side. 
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17-5. 


17-6. 


17-7. 


Given: 

V cc = 15 V 
V EE = -15 V 
R e = 68 kl2 
R c = 47 kfi 
(3 = 275 
V] = 2.5 mV 

Solution: 

It=(tV ee /R e ) (Eq. 17-5) 

4= (- 15 V)/68 k£2 
I T =220.6 pA 

I E = 1/2 I T (Eq. 17-6) 

4 = 1/2 (220.6 pA) 

4=110.3 pA 

r' = 25 mV/4 (Eq. 9-10) 

/ = 25 mV/110.3 pA 
r e ' = 226.7 12 

A v = RJr e (Eq. 17-10) 

,4 v = 47kl2/226.7 12 
A = 207.3 

v 0 ut = ^v(vi - v 2 ) (Eq. 17-2) 
v out = 207.3(2.5 mV-0) 
v 0U t = 518mV 

z,„ = 2|3r; (Eq. 17-11) 
z in = 2(275)(226.7 12) 

Z[ n =125 k!2 

Answer: The output voltage is 518 mV, and the input 
impedance is 125 k!2. 

Given: 

V cc = 15 V 
V ee = -15 V 
R e = 68 kl2 
R c = 47 k!2 
(3 = 275 
V] = 2.5 mV 

Solution: 

4= ( - V EE — V be )/R e (Eq. 17-5) 

4= (-15 V-0.7 V)/68kl2 
4=210.3 pA 

4=1/2 4 (Eq. 17-6) 

4=1/2(210.3 pA) 

4=105.2 pA 

r' = 25 mV/4 (Eq. 9-10) 

r e ' = 25 mV/105.2 pA 
/ = 237.6 12 

A v = R c /r' (Eq. 17-10) 

^l v = 47kl2/237.6 12 
A v =197.8 

v 0 ut = ^v(vi -v 2 ) (Eq. 17-2) 
v out = 197.8(2.5 mV-0) 
v 0U t = 494mV 

z in = 2(3 r' (Eq. 17-11) 
z m = 2(494)(237.612) 
z in = 131 k!2 

Answer: The output voltage is 494 mV, and the input 
impedance is 131 k!2. 

Given: 

V cc = 15 V 
V ee --15 V 
R e = 68 k!2 


R c = 47 k!2 
(3 = 275 
Vi = 0 mV 
Vi = 1 mV 

Solution: 

4 = ( ~ V EE )/R E (Eq. 17-5) 

4=(- 15 V)/68kl2 

4 = 220.6 pA 

4=1/2 4 (Eq. 17-6) 

4= 1/2(220.6 pA) 

4=110.3 pA 

r' = 25 mV/4 (Eq. 9-10) 

r’ = 25 mV/110.3 pA 
/ = 226.7 12 

A y = R c /r' (Eq. 17-10) 

A v = 47 k!2/226.7 12 
A v = 207.3 

v 0 ut = ^v(vi - v 2 ) (Eq. 17-2) 
v out = 207.3(0 V- 1 mV) 
v out = -207 mV 

z in = 2(3 r' (Eq. 17-11) 
z in = 2(275)(226.712) 
z in =125 k!2 

Answer: The output voltage is -207 mV, and the input 
impedance is 125 k!2. 


Given . 


A v = 360 

4(biaS) 

= 600 nA 

/in(oli') ' 

= 100 nA 

Ein(off) 

= 1 mV 

= 

10 kfl 


Solution: 


Elerr — (/?S1 “/?S2)/2in(biaS) (Eq. 17-16) 

V len = (10 k!2 - 0)600 nA 

El err = 6 mV 

v 2m = (Rb i + Rffi) (4i(off)/2) (Eq. 17-17) 

E 2 en- = (10 k!2 + 0)(100 nA/2) 

E 2e rr=0.5mV 

E 3 err=E m(off) (Eq. 17-18) 

E 3 err=lmV 

Eerror -A v (Eierr+ E 2err + E 3err ) (Eq. 17-19) 

Eerror = 360(6 mV + 0.5 mV + 1 mV) 

V = 2 7 V 

' error 1 v 

With base resistors equal. 

E,err = 0. (Eq. 17-20) 

E 2e rr = ^s/in(o£f) (Eq. 17-21) 

Fjerr = (10 k!2)(100 llA) 

E 2e rr = 1 mV 

E 3 err=E m(off) (Eq. 17-18) 

E 3e rr=lmV 

Eerror = ^v(Ele,r + E 2err + E 3err ) (Eq. 17-19) 

Eerror = 360(0 mV + 1 mV + 1 mV) 

Eerror = 0.72 V 

Answer: The output error voltage is 2.7 V. If the base 
resistors are equal, the output error voltage is 0.72 V. 

17-9. Given: 

A v = 250 

/|n(biaS I ~ 1 pA 
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A(CI)max - (100 kf2/2 ki2) + 

^v(CI) max = 51 
^v(CI) min = ( 2 ? 2 (min/ 2 ?i) + 1 

^v(C£)min = (0 kH/2 kf2) + 1 

^v(CI) min = 1 
f2(CL)max = J /unit^v(CI)min 

fl(CL)max ~ 20 MHz/1 
fl(CL)max ~ 20 MHz 

^(Cilmin = _/umty/x4 v (CZ)max 

/ 2 (CZ)min = 20 MHz/51 
./ 2 (Ci)min = 392 kHz 

Answer: The voltage gain has a range of 1 to 51 and a 
bandwidth of 392 kHz to 20 MHz. 

18-16. Answer: The voltage across the closed-loop output 
impedance is the difference between the ideal 50 mV 
and the actual 49.98 mV. In other words, 0.02 mV is 
dropped across the closed-loop output impedance. The 
load current is 49.98 mV divided by 2 f2, which is 
approximately 25 mA. Divide 0.02 mV by 25 mA to get 
0.0008 12 for the closed-loop output impedance. 

18-17. Given: 

f= 15 kHz 
V P = 2 V 

Solution: 

S s =2njV P 

S s 27t(15kHz)(2 V) 

S s = 188 mV/ps 

S s =2nJV P 

S s = 2ti( 30 kHz)(2 V) 

S s = 376 mV/ps 

Answer: The initial slope is 188 mV/ps, with a peak of 
2 V, and 376 mV/ps, with a frequency of 30 kHz. 

18-18. Answer: 

a. OP-07A 

b. TL082 and TL084 

c. LM12 

d. OP-64E 

e. OP-07A 

18-19. Answer: 

CMRR = 38 dB (from Fig. 18-6a) 

MPP = 21 V (from Fig. 18-66) 

A v = 1000 (from Fig. 18-6c) 

18-20. Given: 

R t = 10 k£2 
R 2 = 20 k£2 
R 3 = 40 k£2 
Rf(max) =100 k£2 
^/(min) = 100 k£2 

Vi = 50 mVpp 
Vi = 90 mVpp 
v t = 160 mVpp 

Solution: When the resistance is zero, the voltage gains 
are zero and the output voltage is zero. 


— 4 v l(CX)max- Rf/R 1 

(Eq. 18-3) 

—4 v i(ci)max —100 kf2/10 k£2 

“A v l(CZ)max-10 

-^v2(Ci)max = —Rf/R 1 

(Eq. 18-3) 

-A v 2(ci)max —100 kf2/20 k£2 

“A v 2(CL)max-5 

“^v3(Ci)max = —Rf/R 1 

(Eq. 18-3) 


- ^v3(CI)max —100 kf2/40 k!2 

— x4 v 3(CX)max = “2.5 

v out = xl v 1 (Cl)max(Vin 1 ) + ^v2(CI)max( v in2) + A v 3 (Ct)max (V; n 3 ) 

v ou t = -10(50 mVpp) + 5(90 mVpp) + 2.5(160 mVpp) 
v 0 ut = -1-35 Vpp 

Answer: The maximum output voltage is 1.35 Vpp, and 
the minimum output voltage is zero. 

18-21. Given: 

R t =22012 
Rpi — 47 kf2 
Rpn — 18 kf2 
Rp$ = 39 kf2 

Solution: 

-A v hcl) = -RfiIRi (Eq. 18-3) 

— Av i (ci.) - —47 k 12/220 12 
“^vi(ci) = -214 

-A V 2 (cd = -RnlRi (Eq. 18-3) 

— A V 2 (cl) — —18 k!2/220 12 

-^ v 2 (cl) = -82 

-A V 3 (ci) = -Rfi/Ri (Eq. 18-3) 

—A v 3((;;/.) = —39 kl2/220 12 
-x4 V 3 {cl) = -177 

Solution: The gain at position 1 is 214, at position 2 is 
82, and at position 3 is 177. 

18-22. Given: 

R[ = 6 k£2 at position 2 

R 2 = 6 k£2||3 k!2 at position 1=2 k!2 

R 2 = 120 k!2 

/um,y=l MHz 


Solution: 


x4 v i (d) = (R 2 /R 1 ) + 1 

(Eq. 18-12) 

^vi(Ci) = (120 kf2/2 k£2)+ 1 


^vi(ci) = 61 


4v2(CL) = (R 2 /R 1 ) + 1 

(Eq. 18-12) 

^v2(cz> = (120 k!2/6 k!2) + 1 


xl v 2 (CL) = 21 



fyfXfl. =/unity/A v ( Ci l) (Eq. 18-5) 
fi(CL)\ = 1 MHz/61 
fi(CL)\ = 16.4 kHz 

fl(CL)2 = J /tmity'Av(Cil)(max) (Eq. 18-5) 
fi(CL )2 = 1 MHz/21 
f 2 (CL )2 = 47.6 kHz 

Answer: The voltage gain at position 1 is 61, with a 
bandwidth of 16.4 kHz, and at position 2 is 21, with a 
bandwidth of 47.6 kHz. 

18-23. Given: 

R\ = co at position 2 
R t = 3 k£2 at position 1 
R 2 = 120 k!2 
./unity = 1 MHz 

A VOI = 100,000 
Solution: 

Ayi(CL) = (R 2 /R 1 ) + 1 (Eq. 18-12) 

^vi(ci) = (120 k!2/3 k!2) + 1 

^vi(Ci) = 41 

At position 2, it becomes a voltage follower; A vCL2 = 1. 

Answer: The voltage gain at position 1 is 41, and at 
position 2 is 1. 


(Eq. 18-12) 

(Eq. 18-5) 

(Eq. 18-5) 
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18-24. Answer: The output will go to positive or negative 
saturation. 


18-25. Answer: 


Position 1: The input voltage is applied directly to the 
noninverting input. Because of the virtual short between 
the noninverting and inverting input terminals, there is 
no ac voltage across the left 10-k£2 resistor. Since there 
is no ac voltage across the resistor, it can be removed 
from the circuit without changing the operation. With 
the resistor removed, the circuit reduces to a voltage 
follower and A y(CL) = 1 and a closed-loop bandwidth of 


fl(CL) ~ 


f 

J un 


1 MHz 
1 


= 1 MHz 


Position 2: The circuit is an inverting amplifier. The 
magnitude of the voltage gain is A y ( CI) = 1. Note that the 
closed-loop bandwidth is only half as much because 


fl<CU) ~ 


f 

J un 


Ay(CL) ~f 1 


1 MHz 
1 + 1 


= 500 kHz 


This was covered briefly in the chapter. See the equation 
at the top of p. 633 and the brief explanation that 
follows. Chapter 19 discusses the closed-loop 
bandwidths in more detail. 


18-26. Answer: 

Position 1: With the left resistor open, the circuit 
reduces to a voltage follower and A V(CL) = 1. 

Position 2: With the left resistor open, the voltage gain 
is zero. 

18-27. Answer: Go to positive or negative saturation. 

18-28. Given: 


18-29. Given: 

R { = 2 k£2 
R 2 = 100 k£2 
C= 1 pF 
v in = 50 mV pp 
/= 1 kHz 

Solution: 

X c = \/2nfC 

X c — 1/[2ti( 1 kHz)( 1 pF)] 

X c = 159 £2 

Since X c is less than one-tenth of 2 k£2, the bottom of 
the 2 k£2 is approximately an ac ground. 

A V (ci) = (R 2 /R ' i )+1 (Eq. 18-12) 

A V( cl) = (100 k£2/2k£2) + 1 

A\\cl) = 51 

v out = A V(CL)V in 

v out = 51(50 mV pp) 
v out = 2.55 V pp 

Answer: The output voltage is 2.55 V. 

18-30. Given: 

fill! bias) =500 nA 
Fin(off) = 200 nA 
Fin(ofi) = 6 mV 
Ri = 2 k£2 
R 2 = 100 k£2 

Solution: 

R'i = X c = R i 
R' = 0 + 2 k£2 
R' = 2 k£2 


fin(biaS) ~ 500 llA 
fiii(ofi) = 200 nA 
Fin(ofi) = 6 mV 
Ri = 2 k£2 
R 2 ~ 100 k£2 
C= 1 pF 

Solution: 


X c = \/2nfC 
X c = 1/[2ji( 0)(T pF)] 

X c =CO 

R[=X c + R t 
R t = co + 2 k£2 
R { = co 

R B 2 = Ri\\R 2 (Eq. 18-11) 

R B2 = co|| 100 k£2 
R b 2 = 100 k£2 

Elerr = (^Bl ~ ^SiKinlbiaS) (Eq. 18 - 8 ) 

Elerr=(0~ 100 k£2)(500 llA) 

E lerr = 50 mV 


P 2 err — ( RbI + ^S2)(2in(off)/2) (Eq. 18-8) 

v 2m = (0 + 100 k£2)(200 nA/2) 

V 2cn = 10 mV 

i 'tcrr — Finlol'l) 6 lllV 


A rm = {RJ%)+\ (Eq. 18-12) 
A V (cl) = (100 k£2/co) + 1 

Av(cl> = 1 

f'crror T A ( j ( i V\ crr i l+cn 1+crr) 

Ferror = 1(50 mV +10 mV + 6 mV) 

Ferrer = 66 mV 


Answer: The output voltage is 66 mV. 


Rb 2 =Ri\\R 2 (Eq. 18-11) 

Rb 2 ~ 2 k£2[|100 k£2 
R B2 ~ 1.96 k£2 

Flerr = (2?S1-7?S2Kiii(biaS) (Eq. 18-8) 

Fierr = (0 - 1.96 k£2)(500 nA) 

F [err = 980 pV 

F 2 err = (RbI + 2?a2)(Fn(off)/2) (Eq. 18-8) 
v 2e „ = (0 + 1.96 k£2)(200 nA/2) 

F 2err =196pV 

F3err — F n ( 0 |'li — 6 mV 

Av ( cl>= (RJR[) + 1 (Eq. 18-12) 

Av(cl> = (100 k£2/2k£2) + 1 

A v(CL) = 51 

Ferror = ± + V(CL)( ± Fi e rr ± V 2 en ± F3 e rr) 

Ferrer = 51(980 pV + 196 pV + 6 mV) 

Ferror =366 mV 

Answer: The output voltage is 366 mV. 

18-31. Answer: 

For 4,: 

Fi—increase. Because of the increase in voltage drop 
across the resistor. 

V 2 —no change. Not affected. 

V in —increase. Because of the increase in V\. 

V ou t —increase. Because of the increase in input voltage. 
MPP—no change. Since the load resistance and Vqc did 
not change. 

,/inax—no change. Since slew rate did not change. 

For I B2 : 

V\ —no change. Not affected. 

V 2 —increase. Because of the increase in voltage drop 
across the resistor. 
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V in —increase. Because of the increase in F 2 . 

V ou t —increase. Because of the increase in input voltage. 
MPP—no change. Since the load resistance and Fee did 
not change. 

/max —no change. Since slew rate did not change. 

18-32. Given: 

For V C c- 

V \—no change. Not affected. 

F 2 —no change. Not affected. 

F m —no change. Not affected. 

Pout-—no change. Not affected. 

MPP—increase Since F C c is increased. 

/max —no change. Since slew rate did not change. 

18-33. Given: 

F\ —no change. Not affected. 

F 2 —no change. Not affected. 

Fin—no change. Not affected. 

Fout—no change. Not affected. 

MPP—no change. Since the load resistance and Fee did 
not change. 

/max —increase. Since slew rate increased. 

18-34. Given: 

F x —no change. Not affected. 

F 2 —no change. Not affected. 

V m —no change. Not affected. 

Fout—no change. Not affected. 

MPP—no change. Since the load resistance and Fee did 
not change. 

/max —decrease. Since the increase in voltage causes the 
rate of voltage rise to increase. 


Chapter 19 Negative Feedback 

SELF-TEST 


l.b 

8. b 

15. b 

22. d 

2. d 

9. b 

16. d 

23. d 

3. a 

10. b 

17. c 

24. b 

4. a 

11. d 

18. b 

25. a 

5. a 

12. b 

19. c 

26. b 

6. c 

13. b 

20. b 

27. d 

7. b 

14. b 

21. c 

28. a 


JOB INTERVIEW QUESTIONS 

8. Increased voltage gain and possible oscillation. 
12. Current amplifier and transconductance amplifier. 

PROBLEMS 

19-1. Given: 

R x = 2.7 k£2 
Rf = 68 k£2 

AvondB ) = 88 dB 
Solution: 

B = R X /(R X +R f ) (Eq. 19-6) 

B = 2.7 kfi/(2.7 k£2 + 68 k£2) 

5 = 0.038 

A v = 1/5 (Eq. 19-4) 

A v = 1/0.038 
A r = 26.32 


A v = antilog(^ v ( dB /20) (Eq. 16-15) 

Ay = antilog(88 dB/20) 

A = 25,119 

%error= 100%(1 + A VOL B) (Eq 19-5) 

%error = 100%[1 + 25,119(0.038)] 

%error = 0.10% 

Av = AygiK 1 + AyoiB ) (Eq. 19-3) 

A v = 25,119/[1 + 25,119(0.038)] 

A v =26.29 

Answer: The feedback fraction is 0.038, the ideal 
closed-loop voltage gain is 26.32, the percent error is 
0.10%, and the exact voltage gain is 26.29. 

19-2. Given: 

R x =2.1kQ 
R f = 39 k£2 
Avon dB) = 88 dB 
Solution: 

B = R\/(R\ + Rf) (Eq. 19-6) 

5 = 2.7 kf2/(2.7 k£2 + 39 k£2) 

5 = 0.065 

Ay= 1/5 (Eq. 19-4) 

Ay= 1/0.065 
A v = 15.44 

Answer: The feedback fraction is 0.065, and the closed- 
loop voltage gain is 15.44. 

19-3. Given: 

R x =4.7k£2 
Rf = 68 k£2 
Avon dB) = 88 dB 
Solution: 

B = 5[/(5, + Rj) (Eq. 19-6) 

5 = 4.7 kf2/(4.7 k£2 + 68 kfl) 

5 = 0.065 

Ay= 1/5 (Eq. 19-4) 

A v = 1/0.065 
A v = 15.47 

Answer: The feedback fraction is 0.065, and the closed- 
loop voltage gain is 15.47. 

19-4. Given: 

R x =2.1kQ 
R f = 68 k£2 
^KOi(dB) = 108 dB 
Solution: 

B = R X /(R X +R t ) (Eq. 19-6) 

5 = 2.7 kf2/(2.7 k£2 + 68 k£2) 

5 = 0.038 

Ay= 1/5 (Eq. 19-4) 

A v = 1/0.038 
Ay= 26.32 

A y = antilogy TO i(dB/20) (Eq. 16-15) 

A v = antilog(108 dB/20) 

A v = 251,189 

%error= 100%(1 +A VOL B) (Eq 19-5) 

%error= 100%[1 + 251,189(0.038)] 

%error = 0.01% 

A v =A vol /(\+A vol B) (Eq. 19-3) 

A v = 251,189/[l + 251,189(0.038)] 

A v = 26.31 
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Solution 

v out (i) = hnRj (from Table 19-2) 

Vout(i) = 1 HA(10 kf2) 
v 0 ut(i) = 10 mV 

A v(2 )= Rf!R\ + 1 
Ay ( 2 ) = 99 kf2/l kf2 + 1 
A y(2) = 100 

v out(2) = A r(Vin( 2 )) 

v 0 ut( 2 ) = 100(10 mV) 

v out(2) = 1 V 

Answer: The output voltage is 1 V. 

19-24. Given: 

R f = 50 kf2 
= 1 k£2 
R\(2 ) = 25 k£2 
R\(3 ) = 100 kf2 

Solution: 

Avi(CL) = 5/5, (1) + 1 
Ayi(cl) = 50 k£2/l k£2 + 1 

Ayi(cz) = 51 

An(CL) = R/R 1 ( 2 ) + 1 
A\i(cl) = 50 kf2/25 kf2 + 1 

A-vucl) = 3 

AvS(CL) = R/R 1(3) + 1 

AyjfcL) = 50 k£2/ 100 k(2 + 1 

An(CL) = 1-5 

Answer: The voltage gains are 51 at the l-kf2 position, 3 
at the 25-kf2 position, and 1.5 at the 100-kf2 position. 

19-25. Given: 

R f = 50 k£2 


Hi) — 1 kf2 


i(2) = 25 kX2 


i(3) — 100 


VI (CL) = 51 

(fromProb. 19-24) 

V2(CL) = 3 

(IfomProb. 19-24) 

V3 (CL) =1.5 

(from Prob. 19-24) 


v in = 10 mV 
Solution: 

v out(l) = A KleClX v in) 

v 0 ut(i) = 51(10 mV) 
v out(i) = 510 mV 

v out(2) = A V2(Cl)( v in) 

v 0 ut(2) = 3(10 mV) 
v»ut( 2 ) = 30 mV 

v out(3) = A ,3(Cl/ v in) 

v 0 ut( 3 )= 1-5(10 mV) 
v 0 ut( 3 ) = 15 mV 

Answer: The output voltages are 510 mV at the l-kf2 
position, 30 mV at the 25-kf2 position, and 15 mV at the 
100-kf2 position. 

19-26. Given: 

R f = 50 kf2 


5i ( i) = 

1 kf2 


51(2) = 

25 kf2 


5l(3) = 

100 kf2 


Avi(cl) 

= 51 

(from Prob. 19-24) 

Av2(CL) 

= 3 

(fromProb. 19-24) 

Av3(CL) 

= 1.5 

(fromProb. 19-24) 

a VOL — 

100,000 


5jn= 2 

Mf2 



5 out = 75 SI 
Solution: 

5(i) = Rui/{R m + Rj) (Eq. 19-6) 

5 (1 )= 1 k£2/(l kf2 + 50 kf2) 

5,,) = 0.0196 

z ml(CL) = (1 + Ay OL B(\))Ri n (Eq. 19-8) 
z mUCL) = (1 + (100,000)(0.0196))2 Mil 
z ini(a.; = 3924 Mil 

z ovti(CL) = 5 0Ut /(l + A V olR( 1 )) (Eq. 19-10) 

ZoutKCY.) = 75 12/(1 + (100,000X0.0196)) 
z outi (CL> = 38 m!2 

5(2) = Ri(i/(Ri( 2 ) + Rj) (Eq. 19-6) 

5,2, = 25 kf2/(25 kf2 + 50 k£2) 

5 (2 ) = 0.333 

z ia 2 (CL) = (1 +^FOi5(2))5( n (Eq. 19-8) 
z in2(CT) = (1 + (100,000)(0.333))2 M12 
z in2(Ci) = 66,669 Mf2 

z o\x 2 (cl) = 5 0Ut /(l +A vol B( 2 )) (Eq. 19-10) 
z o»a ( cL) = 75 12/(1 + (100,000)(0.333)) 
z out 2 (ci> = 2.5 m!2 

5(3) = 510/(5!,3) + Rf ) (Eq. 19-6) 

5,3) = 100 k!2/(100 k!2 + 50 k!2) 

5,3) = 0.667 

z mi(CL) = (1 +^FOi5(3))5; n (Eq. 19-8) 
z in3(cz) = (1 + (100,000)(0.667))2 M12 
z m3(Ci) = 133,335 M12 

z out 3 (CL) = 5 0u t/(l +^foi 5(3)) (Eq. 19-10) 
z ou<3 (CL) = 75 12/(1 + (100,000X0.667)) 
z out 3 (C 4 i = 1 -25 m!2 

Answer: At the l-k!2 position the input impedance is 
3,924 M12 and the output impedance is 38 m!2. At the 
25-kl2 position the input impedance is 66,669 M12 and 
the output impedance is 2.5 m!2. At the 100-k£2 position 
the input impedance is 133,335 M12 and the output 
impedance is 1.25 m!2. Note: The Rcm of the op amp is 
not included in the calculations for input impedance. See 
Example 19-2. 

19-27. Given: 

An(bias) ‘ 80 llA 
2in(off) = 20 nA 

Ein(ofl) = 1 mV 

A vol = 100,000 
R f = 100 k£2 
5[(i) = 1 kl2 
5,(2)= 25 kl2 
5 1(3) =100 k!2 
Avi(cl) =101 
Aii(cl) = 5 
Av)(cl) = 2 
Solution: 

5*2(1) = 5 1(1) ||5 / (Eq. 18-11) 

5*2(i)= 1 kl211100 kl2 
5*2(i) = 990 SI 

Elerrfl) = (5*1 -5*2(i))/i n (biaS) (Eq. 18-8) 

Elerr(l) = (0 — 990 12)(80 nA) 

E,err(l) = -79.2pV 

E 2 err(l) = (5*1 +5*2,1 ))(7i n (off)/2) (Eq. 18-8) 

E 2e rr(l) = (0 + 990 12)(20 nA/2) 

E2err(l) = 9.9 |J.V 

Eicni 11 = E in , 0 ff) 1 mV 
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/? min = 130 0 
/? m ax = 25.13 kf2 
/ umty = 1MHz 

Solution: 


5 min = (10kf2||130n)/(10kf2||130£2 + 180kf2) 

5 min = 0.000712 

5 ma x = (10kf2||25.13kn)/(10kf2||25.13kn+ 180 kfl) 
5 max = 0.0382 


./(nun) ///unity 

/(min) = 0.000712(1 MHz) 
/(min) = 712 HZ 

/(max) ~ BJ unity 

/ 2 ,max) = 0.0382(1 MHz) 
/2(max) = 38.2 kHz 

-180 k£2 


-R, 

A =— L 

' R, 


10k£2 


18 


Answer: The minimum bandwidth is 712 Hz and the 
maximum bandwidth is 38.2 kHz. 


20-4. Given: 


= 1.5 kO 
R f = 100 kC2 


i? max =5.1 kC2 
/un, ty =l MHz 


Solution: 


B mm — C^ll 1-^minV (R 1 i l-^min + Rf) 

B min = (1.5 kfi||100 n)/(1.5 kO||100 H + 100 kfl) 

5 min = 0.000937 

-^max — max VW max + R ,) 

5 max = (1.5kC2||5.1 kfi)/(1.5 kn||5.1 kfl + lOOkfi) 
5max= 0.01146 

/( mm) ~ //niu/mity 

/(min) = 0.000937(1 MHz) 

/ 2 (min) = 937 Hz 

/(max) ^max/unity 

/(max) = 0.01 146(1 MHz) 

/2(max)= 11-5 kHz 

Ay— -R/Ri 

A v = -100 kfi/1.5 kf2 

A v = -66.7 

Vout=^vHn 

v out = -66.7(4 mV) 
v out = 266.8 mV 

Answer: The minimum bandwidth is 937 Hz and the 
maximum bandwidth is 11.5 kHz. The output voltage is 
266.8 mV. 


20-5. Given: 

Ri = 2 k£2 
R/ = 82 kTS 
R l = 25 kC2 
Ci = 2.2 pF 
C 2 = 4.7 pF 
/unity = 3 MHz 
Solution: 

A V =(R/R l )+ 1 
A v = (82 kf2/2 kf2) + 1 
A v = 42 


/ —fvxmtylA v 

/ = 3 MHz/42 
/ 2 = 71.4 kHz 


/ C1 = 1/(2tiR 3 C,) 

fa = 1/[2ti( 100 kfl)(2.2 pF)] 

fa =0.72 Hz 

fci = 1/(271///C 2 ) 

/c2 = l/[27t(25 kfl)(4.7 pF)] 

/ a =1.35 Hz 

fa = l/(27ri?iC 3 ) 

/ CT = 1/[2ti( 2 ka)(l pF)] 

/c3 = 79.6 Hz 

Answer: The midband voltage gain is 42, the upper 
cutoff frequency is 71.4 kHz, and the lower cutoff 
frequency is 79.6 Hz. 

20-6. Given: 

Ri = 3.3 kfl 
R 2 = 150 kfi 
R } = 100 kfi 
R l = 10kf2 
C, = 1 pF 
C 2 = lOpF 
C 3 = 4.7 pF 

./unity = 1 MHz 
Solution: 

A v =(R 2 /Ri)+ 1 
A v — (150 kfl/3.3 kfl) + 1 
A v = 46.5 

fl = fmatfAy 

f 2 = 1 MHz/46.5 
/ = 21.5 kHz 

/a = 1/(2^ 3 C,) 

fa = 1/[2ti(T 00 kfi)(l pF)] 

/a = 1.59 Hz 

fa = l/(27t/Z/C 2 ) 

fa = 1/[2tt( 10 kf2)(10 pF)] 

fa =1-59 Hz 

/a = 1/(271/2, C 3 ) 

/o = l/[27t(3.3 kfi)(4.7 pF)] 
fa = 10.3 Hz 

Answer: The midband voltage gain is 46.5, the upper 
cutoff frequency is 21.5 kHz, and the lower cutoff 
frequency is 10.3 Hz. 

20-7. Given: 

R i = 2 kf2 
R f = 100 kfi 
v in = 10 mV 

Solution: 

Ay=(R/Ri)+ 1 

A v = (100 kSl/2 kf2) + 1 
Ay= 51 

Cjut = A v v m 
v out = 51(10 mV) 
v ou t = 510 mV 

Answer: The output voltage at A, B, and C is 510 mV. 
20-8. Given: 

R l = 9\kSl 
R f 12 kf2 
R 3 = 1 kfi 
v in = 2 mV 
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Solution: 

Low gate: 

A v =(R/Ri)+l 
A v = (12 kfl/91 kfl)± 1 
A v = 1.13 

V 0 ut=4 v V in 

v out = 1.13(2 mV) 
v out = 2.26 mV 

High gate: 

Ay= [tf/WRO] + 1 

A v = [12 kfl/(91 kfl||l kfl)] + 1 

A v = 13.1 

V 0 ut=4 v V in 

v out = 13.1(2 mV) 
v out = 26.2 mV 

Answer: When the gate is low, the output is 2.26 mV; 
when the gate is high, the output is 26.2 mV. 

20 - 9 . Given: 

Rt = 20 kfl 
R f = 68 kfl 
R 3 = 1 kfl 

v in = 1 mV 

Solution: 

Low gate: 

Ay=(R/Ri)+ 1 
A r = (68 kfl/20 kfl) + 1 
Ay =4.4 

v 0 ut = A v v in 

v out = 4.41(1 mV) 
v out = 4.4 mV 

High gate: 

Ay= [J?/(J?i|lfi 3 )] + 1 

A r = [68 kfl/(20 kfl||l kfl)] + 1 

Ay =12.4 

Vont=A v V m 

Vout = 72.4(1 mV) 
v out = 72.4 mV 

Answer: When the gate is low, the output is 4.4 mV, and 
when the gate is high, the output is 72.4 mV. 

20 - 10 . Given: 


Ri = 10 kfl 
R f = 10 kfl 
kin = 2.5 V 
Solution: 


A V =(R/R l )+ 1 
A v = (10 kfl/10 kfl) + 1 
A v = 2 


kout A (-(Vin) 

kout = 2(2.5 V) 


: 5 V 


Answer: The new output reference voltage is 5 V. 
20 - 11 . Given: 


Ri = 1 kfl 
R f = 10 kfl 

Solution: 

-R 2 /Ri<A v <0 

-iokfi/i kfi<4 v <o 

-10<4 V <0 


Answer: The maximum gain is -10, and the maximum 
positive gain is 0. 

20 - 12 . Given: R\=R 2 

Solution: At ground the circuit is an inverting amplifier. 

A y= —R j! R ] 

Ay =-1 

When the wiper is 10% away from ground, so that the 
noninverting gain will be 10% of its maximum of 2. 

A(non)= 10% (2) = 0.2 

Ay A vfjn) " 4 vfnoil) 

Ay=- 1+0.2 
Ay=- 0.8 

Answer: The gain with the wiper at ground is —1, and 
10% away is -0.8. 

20 - 13 . Given: 

R = 5kSl 

nR = 75 kfl 

nR/(n- \ )R = 5.36 kfl 

Solution: 

A v = -nR/R 
A v =-15 kL2/5 kn 
Ay= -15 

Answer: The maximum positive gain is 15, and the 
maximum negative gain is -15. 

20 - 14 . Given: 

R'=l0kQ. 

R = 22 kfl 
C= 0.02 pF 

f[ n = 100 Hz, 1 kHz, 10 kHz 
Solution: 

fc = l/(27t .RC) 
fc V[(2nRC)(0.02 pF)] 
fc= 362 Hz 

(j) = -2 arctan (fife) 

(j) = -2 arctan (100 Hz/362 Hz) 

$ = -30.9° 

(j) = -2 arctan (fife) 

(j) = -2 arctan (1 kHz/362 Hz) 

(j) = -140° 

(j) = -2 arctan (fife) 

(j) = -2 arctan (10 kHz/362 Hz) 

(j) = -176° 

Answer: The phase shift is -30.9° at 100 Hz, -140° at 
1 kHz, and-176° at 10 kHz. 

20 - 15 . Given: 

R t = 1.5 kfl 
R f = 30 kfl 

Solution: 

A(inv) = -RJR l (Eq. 20-6) 

A y(inv) = -30 kfl/1.5 kfl 

4 v(inv) 20 

Ay (non) = p 2 /tf i) + 1 ][R 2 /(R \+R'i )] (Eq. 20-7) 
A v(n 0 n) = [(30 kfl/1.5 kfl) + 1][30 kfl/(l.5 kfl + 30 kfl)] 

4 vi non) — 20 

A v(cm) = ±4(0.1%) = ±4(0.001) = ±0.004 

Answer: The differential voltage gain is -20, and the 
common mode gain is ±0.004. 
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20 - 16 . Given: 

R, 1 kfl 
R f 20 kfl 

Solution: 

^,<inv) = -R//R 1 (Eq. 20-6) 

A v (ijiv) = -20 kfl/1 kfl 

±/Winv) 20 

A v( cm) = ±4 AR/R (Eq. 20-5) 

A v(C m) = ±4 (1%) = ±4(0.01) 

A V ( cm) = ±0.04 

Answer: The differential voltage gain is -20, and the 
common-mode gain is ±0.04. 

20 - 17 . Given: 

R t = 10 kfl 
R 2 = 20 kfl 
R 3 = 20 kfl 
R 4 = 10 kfl 

Solution: 

V 2 =\R 2 l(R l +R 2 )]Vcc 

V 2 = [20 kfl/( 10 kfl + 20 kfl)] 15 V 

V 2 = 10 V 

V 4 =[R 4 /(R 3 + R 4 )]V CC 

F 4 = [10 kfl/(20 kfl + 10 kfl)] 15 V 

V 4 =5 

Answer: No, the bridge is not balanced. 

20 - 18 . Given: 

R t = 1 kfl 
AR = 15 fl 
A v =- 100 

Solution: 

v m = (AR/4R)V CC 

v in = (15 fl/4 (1 kfl)) 15 V 

v in = 56.3 mV 

Vout=^lOin) 

v 0 u. = (-100X56.3 mV) 
v out =-5.63 V 

Answer: The output voltage is -5.63 V. 

20 - 19 . Given: 

R t = 1 kfl 
R f = 99 kfl 
R = 10 kfl ± 0.5% 
v in = 2 mV 

Solution: 

A v =(R J IR l )+ 1 
A v = (99 kfl/1 kfl) + 1 
A v = 100 

Vout =-Vin 

v out = 100(2 mV) 
v out = 200 mV 

A v(cm) = ±2(A R/R) 

A v(cm) = ±2(0.005) 

Av(cm) ~ ± 0.01 

CMRR = IAyj/\A v(CM J 

CMRR = 100/0.01 
CMRR = 10,000 

Answer: The output voltage is 200 mV, and the CMRR 
is 10 , 000 . 


20 - 20 . Given: v in<CM) = 5 V 

Solution: Since the first stage has a common-mode gain 
of 1, both sides have the same voltage of 5 V. The guard 
voltage is 5 V. 

Answer: The guard voltage is 5 V. 

20 - 21 . Given: 

R a = 100811 
v in = 20 mV 

Solution: 

A v = (49.4 kfl /R a ) + 1 (Eq. 20-17) 

A v = (49.4 kfl/1008 fl) + 1 
A v = 50 

Vout = A v (Vi n ) 

v out = 50(20 mV) 

Vo„t=l V 

Answer: The output voltage is 1 V. 

20 - 22 . Given: 

R = 10 kfl 
v t = -50 mV 
v 2 = -30 mV 

Solution: 

Vout = Vi - V 2 

v ou t = (-50 mV) - (-30 mV) 
v out = -20 mV 

Answer: The output voltage is -20 mV. 

20 - 23 . Given: 

R t = 10 kfl 
R 2 = 20 kfl 
R 3 = 15 kfl 
R 4 = 15 kfl 
R 5 = 30 kfl 
75 kfl 
v 3 = 1 mV 
v 2 = 2 mV 
v 3 = 3 mV 
v 4 = 4 mV 

Solution: 

A v ( i) = -R/R] 

A v( i) = -75 kfl/10 kfl 
^v(i) = -7.5 

A v ( 2 ) = -R/R 2 

A v(2 ) = -75 kfl /20 kfl 

A v ( 2 ) = -3.75 

A v(3) = {Wili^2)] + l}{W 5 )/[*3 + (R/IRA]} 

A A3) = {[75 kfl/(10 kfl||20 kfl)] + 1} {(15 kfl||30 

kfl)/[15 kfl + (15 kfl||30 kfl)]} 

A ( 3 ) = (12.25X0.455) 

A( 3 ) =5.57 

Ay( 4) = {[*/(*l||*2)] + 1} {(R 3 \\R5)/[R4 + Ws)]} 

A v( 4 ) = {[75 kfl/(10 kfl||20 kfl)] + 1} {(15 kfl||30 

kfl)/[15 kfl + (15 kfl||30 kfl)]} 

A v(4) = (12.25X0.4) 

A v ( 4) = 4.9 

Vout = -4y(l)Vl + A v( 2 )V 2 + ^v(3)V3 + ^v(4)V 4 

Vout = -7.5(1 mV) + -3.75(2 mV) + 4.9(3 mV) + 4.9 
(4 mV) 

Vom = 19.3 mV 

Answer: The output voltage is 19.3 mV. 
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Solution: 

A V =(R/Ri) + 1 
A v = (15 kf2/1.5 kf2) + 1 
A v = 11 

/i = l/[2jt(i?/2)C 1 ] 

/i = 1/[2 ti( 68 kn/2)(l |j.F)] 
f\ = 4.68 Hz 

/ 2 = l/(27t/?,C 2 ) 

_/2 = l/[27t(15 kfl)(2.2 pF)] 

/ 2 = 4.82 Hz 

h = 1/(2ji*,C 3 ) 

/ 3 = l/[27t(l kfl)(3.3 (_iF)] 
f 3 = 32.2 Hz 

Answer: The gain is 11, and the cutoff frequencies are 
f\ = 4.68 Hz, / 2 = 4.82 Hz, and f 3 = 32.2 Hz. 


CRITICAL THINKING 

20 - 40 . Answer: Since the terminal is floating, the output would 
be saturated or V cc . To fix this problem, a large-value 
resistor could be connected to the noninverting terminal. 
This would keep it at ground potential during the 
transition and prevents a spike. 

20 - 41 . Given: 

^l(min) = 990 Q. 

Rl(max) = 1010 fi 

Rjtmm) = 99 kfl 
Rflmsn.) =101 kfl 

Solution: 

■4 I? in in) H/tniin )lRl(max) 

A [ 7 innl j = —99 kt 2 1010 11 
A F(min) = 98 

4 ITmaxl Rj[max)lR\(nua) 

A (-(maxi = —101 k£2/990 

A F(max) =102 

Answer: The minimum gain is 98, and the maximum 
gain is 102 . 

20 - 42 . Given: 

Transistor: 

R i = 22 kll 
R f 10 kll 
R s = 1 kll 
Rf = 5.6 kll 
Rc = 6.8 kll 
V cc = 15V 

Op amp 
R, = 1 kO 
R f = 47 kO 

Solution: 

V BB = [RJ(R i +Rf+ ^s)] ^cc (Eq. 8 - 1 ) 

V BB = [10 k!2/(22 kO + 10 kO + 1 kO)]15 V 
V BB = 4.54 V 

Ve = Vbb~Vbe (Eq. 8-2) 

V E = 4.54 V- 0.7 V 
V E = 3.84 V 

I E = Ve/Re (Eq. 8-3) 

I E = 3.84 V/5.6 kO 
I E = 0.685 mA 

r' = 25 mV/4 (Eq. 9-10) 


r e ' = 25 mV/0.685 mA 
i-; = 36.5 0 

r c = R c 

r c - 6.8 kO 

A v = rjr' (Eq. 10-7) 

A v = 6.8 kO/36.5 O 
A v = 186 

Op amp: 

A V =(R/R,)+1 
A v = (47 kO/1 kO) + 1 
A v = 48 

A v = (48)(186) 

A v = 9114 

Answer: The voltage gain is 9114. 

20 - 43 . Given: 

R t = 1 kO 
R f = 10 kO 
R l = 100 O 
P = 50 
Hn = 0.5 Vcc 
Solution: 

A y— —R f! R i 
A v = -10 kO/1 kO 
A v =- 10 

Vout=x4v(Vin) 

v ou t =-10(0.5 V) 
v out = -5 V 

/out — v ou t !R e 

4ut = -5 V/100O 
7 0ut = 50 mA 

4 =/out/P 

7 S = 50 mA/50 
I B = 1 mA 

Answer: The base current is 1 mA. 

20 - 44 . Answer: 

Trouble 1: Since there is voltage at E and not at F, there 
is an open between E and F. 

Trouble 2: Since the output is only 200 mV, which is the 
amplified output of A,R 2 is open. 

Trouble 3: Since the input is 2 mV and the output is 
maximum, R t is shorted. 

20 - 45 . Answer: 

Trouble 4: Since there is no voltage at B, there is an 
open between K and B. 

Trouble 5: Since the voltage at C is 3 mV and the 
voltage at D is zero, there is an open between C and D. 

Trouble 6 : Since the voltage at A is zero, there is an 
open between J and A. 

20 - 46 . Answer: 

Trouble 7: Since the input voltage is 3 mV and the 
output is maximum, R 3 is open. 

Trouble 8 : Since the output is only 250 mV, which is the 
amplified output of B, R { is open. 

Trouble 9: Since the output voltage is the same as the 
input voltage, R } is shorted. 

Trouble 10: Since the input is 5 mV and the output is 
maximum, R 2 is shorted. 
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21 - 20 . Given: 

R, = 56 kll 
R f lOkfi 
C= 680 pF 

Solution: 

f p = l/(2nC^RjR~ f ) 

f p =l/[2it(680 pF) 7(10 k£2)(56 k£ 2 )] 
f p = 9.89 kHz 

Q = 0.5 JIjR/j 

0 = 0.5^/(56k£2)/(10k£2) 

0=1.18 

^ c = 1.04 (from Fig. 21-26) 
if 3 = 1.30 (from Fig. 21-26) 

fc ~fp/K c (Eq. 21-31) 
f c = 9.89 kFlz/1.04 
f c = 9.51 kHz 

fi=f P /K } 

/ 3 = 9.89 kHz/1.30 
/ 3 = 7.61 kHz 

Answer: The pole frequency is 9.89 kHz, the cutoff 
frequency is 9.51 kHz, the 3-dB frequency is 7.61 kHz, 
and the 0 is 1.18. 

21 - 21 . Given: 

R t =91 kfi 
R f = 15 kll 
C= 220 pF 

Solution: 

f p =\l(2nCjRjR f ) 

f p = 1/[2ji( 220 pF)7(15 k£2)(91 k£2)] 
f p = 19.6 kHz 

Q ~ 0-5y](Rl/Rf ) 

0 = 0.5^/(91k£2)/(15k£2) 

0=1.23 

K c = 1.06 (from Fig. 21-26) 

K } = 1.32 (from Fig. 21-26) 

fc ~fjJK c (Eq. 21-31) 

f c = 19.6 kHz/1.06 
f c = 18.5 kHz 

/ 3 =/A3 

/ 3 = 19.6 kHz/1.32 
/ 3 = 14.8 kHz 

Answer: The pole frequency is 19.6 kHz, the cutoff 
frequency is 18.5 kHz, the 3-dB frequency is 14.8 kHz, 
and the 0 is 1.23. 

21 - 22 . Given: 

R i = 2 kll 
R f = 56 kfi 
C= 270 pF 

Solution: 

A v = -R/2R t (Eq. 21-35) 

A v =-56 kfl/2(2 kfl) 

A v = -14 

0 = Q-5-sJ(R f /R\) (Eq. 21-36) 

0 = 0.57(56 k £>)/(2 k£>) 

0 = 2.65 

f 0 =l/(2nCj(RfR f ) (Eq. 21-38) 

/ 0 =1/[2ji( 270 pF)7(56k£2)(2k£2)] 


/ 0 = 55.7 kHz 

Answer: The 0 is 2.65, the voltage gain is -14, and the 
center frequency is 55.7 kHz. 

21 - 23 . Given: 

Ri = 3.6 kfl 
R f = 7.5 kfl 
R 3 = 21 fl 
C= 22 nF 

Solution: 

A v = -R/2R t (Eq. 21-35) 

A ( /= -7.5 kfl/2(3.6 kfl) 

H,,= -1.04 

0 = O.57CVCW)] (Eq. 21-40) 

0 = 0.57[7.5k£2/(2k£2 || 27£2)] 

0 = 8.39 

/o = G(2nC y J(R l ||i? 3 )i? ; ] (Eq. 21-41) 

f 0 = 1/[2ti( 22 nF)7(2k£2||27£2)(7.5k£2)] 

/o= 16.2 kHz 

Answer: The 0 is 8.39, the voltage gain is -1.04, and the 
center frequency is 16.2 kHz. 

21 - 24 . Given: 

R t = 28 kfl 
R 3 = 1.8 kfl 
C= 1.8 nF 
A v =-1 

Solution: 

0 = 0.707 7[(i?,+i?,)/^] (Eq. 21-43) 

0 = 0.707 A /[(28kQ+1.8kf2)/1.8kf2] 

0 = 2.88 

/o =l/(27tC7[2i?,(i? 1 ||i? 3 )]) (Eq. 21-44) 

f 0 = 1/{2ti( 1.8 nF) ^[2(28 k£2)(28 ki2 || 1.8k£2)]} 

/o = 9.09 kHz 

Answer: The 0 is 2.88, the voltage gain is -1, and the 
center frequency is 9.09 kHz. 

21 - 25 . Given: 

Ri = 20 kfl 
R f = 10 kfl 
R = 56kfl 
C= 180 nF 

Solution: 

A v =(R/Ri)+\ (Eq. 21-46) 

A v = (10 kiT/20 kfl) + 1 
A v = 1.5 

/ 0 =1/(2jlRC) (Eq. 21-47) 

/o= l/[2jt(56kfi)(180nF)] 

/ 0 = 15.8 Hz 

0 = 0.5/(2 -Ay) (Eq. 21-48) 

0 = 0.5/(2 - 1.5) 

Q= i 

BW=fJQ (Eq. 21-34) 

BW= 15.8 Hz/1 
BW= 15.8 Hz 

Answer: The voltage gain is 1.5, the 0 is 1, the resonant 
frequency is 15.8 Hz, and the bandwidth is 15.8 Hz. 

21 - 26 . Given: 

R = 3.3 kfl 
C = 220 nF 
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Roll-off = 20 n dB/decade (Eq. 21-4a) 

Roll-off = 20(10) dB/decade 
Roll-off = 200 dB/decade 
4 kHz is 1 octave above 
Attenuation = 60 dB 
8 kHz is 2 octaves above 
Attenuation = 120 dB 
20 kHz is 1 decade above 
Attenuation = 200 dB 

Answer: The attenuation is 60 dB at 4 kHz, 120 dB at 
8 kHz, and 200 dB at 20 kHz. 

21-34. Given: 
n = 2 

R= lOkfl 

f c = 5 kHz 

Solution: 

Q = 0.5 tJC 2 /C 1 (from Fig. 21-24) 

0.707 = 0.5 y jC 2 /C l (Butterworth response) 

1.414 = ^/C,/C, 

2 = C 2 /Ci 
C 2 = 2Ci 

fp=\/2nRjC l (2C l ) 

fp=\/2nRC l 42 

C, = l/2nRf p yl2 

C, = l/27t(10 k£2)(5 kHz) V2 

Ci = 2.25 nF 

C 2 = 4.5 nF 

21-35. Given: 


JOB INTERVIEW QUESTIONS 

5. It means using back-to-back zener diodes or other circuits 
to limit the output voltage swing. 

8 . An IC comparator does not have an internal compensating 
capacitor. 

PROBLEMS 

22-1. Given: 

Av(ab) = 106 dB 
F Sat = ±20V 

Solution: 

A vol = antilog(H(/( dB /20) (Eq. 16-15) 

A vol = antilog(106 dB/20) 

A vol = 200,000 

Hn(min) = ±Vsa/A VOL (Eq. 22-1) 

Vm(min) = ±20 V/200,000 

Vm(min) = ±100 pV 

Answer: An input voltage of 100 pV will produce 
positive saturation, assuming rail-to-rail output. 

22-2. Given: 

v in = 50 V 
R= lOkfl 

Answer: 

Id = (Vin - 0.7 V)/R 
I D = ( 50V-0.7 V)/10kn 
I D = 4.93 mA 


n = 2 

R = 25 kfl 
f c = 7.5 kHz 
A p 12 dB 

Solution: 

Since=12 dB, K c = 1.391 and Q = 4 (from Table 21-3) 

f c ~ K/ p (Eq. 21-23) 
f P =fJK c 
f p = 7.5 kHz/1.391 
f p = 5.39 kHz 

Q = 0.5^C 1 /C l (from Fig. 21-25) 

4 = 0.5 ^C 2 /C[ (Chebyshev response) 

8 = VC 2 /C, 

64 = C 2 /C i 
C 2 = 64C[ 

ip = 1/2 jiR JcjMCJ 
fp=l/l6nRC l 
Ci = 1/16ji Rf p 

Ci = 1/16ti( 25 kfl)(5.39 kHz) 

C,= 148pF 
C 2 = 9.45 nF 

Chapter 22 Nonlinear Op-Amp 
Circuits 


SELF-TEST 


1. d 

9. c 

17. a 

25. a 

2. a 

10. b 

18. c 

26. a 

3. c 

11. c 

19. b 

27. d 

4. b 

12. b 

20. c 

28. b 

5. c 

13. b 

21. d 

29. c 

6. a 

14. b 

22. d 

30. a 

7. a 

15. a 

23. a 


8. b 

16. b 

24. b 
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Solution: The diode current is 4.93 mA. 
22-3. Given: 

V z = 6.8 V 
V s = ±15 V 

Solution: 

Vout = HV z +V D ) (Eq. 22-1) 

Eout = ±( 6.8 V +0.7 V) 


Answer: The output voltage will be limited to ±7.5 V. 
22-4. Given: V s = ± 12 V 

Answer: The output voltage would vary between 0.7 V 
and-12 V. 

22-5. Given: V s = ± 12 V 

Answer: When the strobe is high, the output is zero. 
When the strobe is low, the output will vary between 
0.7 V and -9 V. 

22-6. Given: 

Fs= ±15 V 
Ri = 47kf2 
R 2 = 12 kfi 
C= 0.5 pF 

Solution: 

v k{ =[RARi+R 2 Wcc (Eq. 22 - 2 ) 
v re f — [12 kf2/(47 kfl + 12 kO)]15 V 
v ref = 3.05 V 

fc=\l[2%{Ri\\R 2 )C] (Eq. 22-3) 
fc= 1 /[2tc( 47 k£2||12 kfi) 0.5 pF] 

/c= 33.3 Hz 

Answer: The reference voltage is 3.05 V, and the cutoff 
frequency is 33.3 Hz. 



/= 1 IT 
/= 122.4 ms 
/= 45 Hz 

Answer: The lowest frequency is 45 Hz. 

22-33. Answer: With the diode reversed, it becomes a negative 
peak detector and the output voltage is -106 mV. 

22-34. Given: v m = 150 mV peak 

Answer: The output voltage is 150 mV. 

22-35. Given: v m = 100 mV peak 
Solution: 

v ou t = v in + V peak (Eq. 22-21) 

v out =100 mV peak +100 mV peak 
v out = 200 mV peak 

Answer: The output swings from 0 V to 200 mV peak. 
22-36. Given: 

R l = 10kf2 
C= 4.7 pF 

Solution: 

R l C>10T (Eq. 22-20) 

R l C = 10T for the highest period or lowest frequency 
[(10 kf2)(4.7 pF)]/10 = T 
T = 4.7 ms 

f= ]/T 
f= 1/4.7 ms 
/= 213 Hz 

Answer: The lowest frequency is 213 Hz. 

22-37. Given: f= 10 kHz 
Solution: 

1 Hz = 1 cycle/second 

10 kHz = 10,000 cycles/second or 10,000 cycles in 
1 second 

Each cycle has two transitions (low to high and high to 
low); thus there are 2 pulses per cycle. 

10,000 cycles in 1 second x 2 pulses/cycle = 20,000 
pulses in 1 second. 

Answer: There are 20,000 pulses in 1 second. 

22-38. Given:f= 1 kHz 
Solution: 

Since there are 2 pulses per cycle, a pulse occurs every 
772. 

T=llf 

T= 1/1 kHz 
T= 1 mS 

Answer: A pulse occurs every 772 or 0.5 mS. 


CRITICAL THINKING 

22-39. Answer: Make the 3.3-kf2 resistor a variable so that it 
can be adjusted to any desired value. 

22-40. Given: 

R=\kQ. 

C = 50 pF 

Solution: Risetime is from the 10% point to the 90% 
point (discussed in Chap. 16). Using the universal time 
constant chart, it takes about 3 time constants to go from 
10% to 90%. 


T r ~2.2(RQ (Eq. 16-28) 
T r ~ 2.2(1 kfi)(50pF) 

T r ~ 110 ns 

Answer: The risetime is 110 ns. 
22-41. Given: 

R t = 33 kfi 
R f 3.3 kfi 
C = 47 pF 

Uipple = 1 V rms 
Solution: 


fc = \l{2n{Ri\\Rf)C] (from Fig. 22-11) 

fc= 1/[2ji( 33 kfi||3.3 kfi)47 pF] 
fc = 1.1 Hz 

The power supply ripple is 120 Hz because rectification. 
This is 2 decades above the cutoff frequency. Since 
there is one capacitor, the roll-off is 20 dB/decade. The 
input is attenuated by 40 dB, equivalent to 0.01. 


3.3 kH 


(1V) = 0.1V 


33 kQ + 3.3 kH 
v ou ,= (0.01X0.1 V) = 0.001 V 


Answer: The cutoff frequency is 1:1 Hz, and the ripple 
voltage at the inverting input is 0.001 V rms. 

22-42. Given: 

V cc = 15 V 
R, = 33 kfi 
Rj 3.3 kfi 

Hn(peak) — 5 V 

v re f= 1.36 V (from Prob. 22-9) 

0 = 16° and 164° (from Prob. 22-9) 

D = 41% (from Prob. 22-9) 

Solution: 

7 h i g h = y/R 
7 hlgh = 5V/lkfi 
7 hi gh = 5 mA 

Since the output is high only 41% of the time, the 
average current is: 

/avc ~ ///ngli 

7 ave = (0.41)(5mA) 

7 ave = 2.05 mA 

Answer: The average current is 2.05 mA. 

22-43. Given: 

R, 1.5k£2±5% 

R f 68 kfi ± 5% 

Csat = 13.5 V 
Solution: 

7?i(max)= 1.5 kn + 5%(1.5kn)= 1575 n 
7? 1(min) = 1.5 kn-5%(1.5kn)= 1425 n 
7?/fmax) = 68 kf2 + 5%(68 kf2) = 71.4 kf2 
7?^min) = 68 kf2 - 5%(68 kf2) = 64.6 kf2 

-^(min) R-l(min)/(Rl(min) + R/{max|) (Eq. 22-4) 

5 (min) = 1425 0/(1425 k£2 + 71.4kn) 

5(mm)= 0.0196 

77(min) = 25 (min) Vsat (Eq. 22-9) 

77 (min) = 2(0.0196X13.5 V) 

77 (min) = 0.529 V 

Answer: The minimum hysteresis is 0.529 V. 
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8 . There must be an unwanted positive feedback path between 
the output and the input of the three-stage amplifier. Low- 
frequency oscillations may be caused by the high power- 
supply impedance. You can try using a large filter capacitor 
at the supply point for each stage. If this docs not work, 
then a power supply with better regulation is needed. For 
high-frequency oscillations, you can try shielding the 
stages, using a single ground point, filter capacitors on each 
stage supply, and ferrite beads on each base or gate lead. 

PROBLEMS 

23-1. Given: R f = 1 kfi 

Solution: The oscillator becomes stable with a lamp 
resistance of 500 fi and from the graph a lamp voltage 
of 3 V rms. 

Ii = 2> V/500 fi 
I L = 6 mA 


Answer: The maximum frequency is 3.98 kHz, and the 
minimum frequency is 332 Hz. 

23-3c. Given: 

C = 0.002 pF 
R min = 2 kfi 
i? max = 24 k12 

Solution: 

fi max)= l/[2jt^mmC] (Eq. 23-4) 

/Kmax)=l/[27t(2kf2)(0.002 pF)] 

U max) = 39.8 kHz 

/r(mm) = l/[2jli? ra axC] (Eq. 23-4) 

ypmin) = 1/[2 ji(24 kfi)(0.002 pF)] 
f rimin') = 3.32 kHz 

Answer: The maximum frequency is 39.8 kHz, and the 
minimum frequency is 3.32 kHz. 

23-3d. Given: 


V out — Il(Rf + Rl) 

F out = 6 mA(l kfi+ 500 fi) 
Kut = 9 V rms 


C= 200 pF 


24 kfi 


Answer: The output voltage is 9 V nns. 

23-2. Given: 

C= 200 pF 
R min = 2 kfi 
2? max = 24 kfi 

Solution: 

fi maxi = l/[27ti?mi„C] (Eq. 23-4) 

/pmax)=l/[27t(2.2 kfi)(200 pF)] 
fi max) = 398 kHz 

fi min) = l/[27ti?maxC] (Eq. 23-4) 

/pmm)=l/[27t(2.4kfi)(200pF)] 

/pmin) = 33.2 kHz 

Answer: The maximum frequency is 398 kHz, and the 
minimum frequency is 33.2 kHz. 

23-3a. Given: 

C= 0.2 pF 
R min = 2 kfi 
i? max = 24 kfi 

Solution: 

/pmax) = l/[27ti?mi„C] (Eq. 23-4) 
/pmax)=l/[27t(2kfi)(0.2 pF)] 
fri max) = 398 Hz 

/r(min) = l/[2jt^maxC] (Eq. 23-4) 

frimm) = l/[2jt(24 kfi)(0.2 pF)] 

/pmin) = 33.2 Hz 

Answer: The maximum frequency is 398 Hz, and the 
minimum frequency is 33.2 Hz. 

23-3b. Given: 


C = 0.02 pF 
R min = 2 kfi 
^ max = 24 kfi 
Solution: 

/pmax) = l/[2jti? min q (Eq. 23-4) 

/ Kmax) = 1/[2 tt( 2 kfi)(0.02 pF)] 
fri max) = 3.98 kHz 

frimin) = l/[2jrR ma xC] (Eq. 23-4) 

/pmm)=l/[27t(24kfi)(0.02 pF)] 
fri min) = 332 Hz 


Solution: 

/pmaxl = l/[27ti?mi„q (Eq. 23-4) 

/pmax)=l/[27t(2kfi)(200pF)] 

/pmax) = 398 kHz 

/pmin) = l/[2jri?raaxq (Eq. 23-4) 

/pmm)=l/[27t(24kfi)(200pF)] 

/pmin) = 33.2 kHz 

Answer: The maximum frequency is 398 kHz, and the 
minimum frequency is 33.2 kHz. 

23-4. Given: 

V mt = 6 V nns 
R f = 21?i amp 

Solution: Since the lamp resistance is one-third of the 
total resistance, its voltage will be one-third of the total 
voltage, or 2 V nns. According to the graph, the lamp 
resistance would be 350 fi, so the feedback resistor 
would need to be twice that, or 700 fi. 

Answer: Change the feedback resistor to 700 fi. 

23-5. Given: Maximum frequency is 398 kHz, from Prob. 
23-3. 

Solution: 1 decade above 398 kHz is 3.98 MHz. 

Answer: The cutoff frequency is 3.98 MHz. 

23-6. Given: 

R= 10 kfi 
C=0.01 pF 

Solution: 

f=\l[2nRC\ (Eq. 23-4) 

f= 1/[2ti( 10 kfi)(0.01 pF)] 
f r = 1.59 kHz 

Answer: The resonant frequency is 1.59 kHz. 

23-7. Given: 

7? = 20 kfi 
C = 0.02 pF 

Solution: 

f=H[2nRC] (Eq. 23-4) 
f= l/[27t(20kfi)(0.02 pF)] 
f = 398 He 
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Answer: The resonant frequency is 398 Hz. 

23-8. Given: 

Ri = lOkfi 
R 2 = 5 kfi 
Re — 1 kfl 
Vbe= 0.7 V 
V cc = 12 V 

Solution: 

V b =[R 2 /(R i +R 2 )]V cc (Eq. 8-1) 

V B = [5 kn/(10 k£2 + 5 kO)]12 V 
Es = 4 V 

V E =V B -V BE (Eq. 8-2) 

V e = 4 V-0.7 V 
V E = 3.3 V 

I E = V e /R e (Eq. 8-3) 

I E = 3.3 V/l kLl 
I E = 3.3 inA 

Since the RF choke is a short to direct current, the 
collector voltage is 12 V. 

V CE =V C -V E (Eq. 8 - 6 ) 

V CE = 12 V - 3.3 V 
V CE = 8.7 V 

Answer: The emitter current is 3.3 mA, and the 
collector-to-emitter voltage is 8.7 V. 

23-9. Given: 

Ci = 0.001 pF 
C 2 = 0.01 pF 
5 = 10 qH 

Solution: 

C = C,C 2 /(C, + C 2 ) (Eq. 23-6) 

C = (0.001 pF)(0.01 qF)/(0.001 qF +0.01 qF) 

C= 909 pF 

/ r =l/(27t VZc) (Eq. 23 -5) 

f r = 1/(271^(10 pH)(909 pF)) 
f r = 1.67 MHz 

5 = Ci/C 2 (Eq. 23-7) 

5 = 0.001 qF/0.01 qF 
5 = 0.10 

4 v (mm) = C 2 /Ci (Eq. 23-8) 

4 v (min) = 0.001 qF/0.01 qF 

-4 voiiin) I 0 

Answer: The frequency is 1.67 MHz, the feedback 
fraction is 0 . 10 , and the minimum gain is 10 . 

23-10. Given: 

C, = 0.001 qF 
C 2 = 0.01 qF 

Solution: 

B = C\/{C\ + C 2 ) 

5 = 0.001 pF/(0.001 qF + 0.01 qF) 

5 = 0.091 

Answer: The feedback fraction is 0.091. 

23-11. Given: 

C x = 0.001 qF 
C 2 = 0.01 qF 
L = 20 qH 

Solution: 

C = C,C 2 /(Ci + C 2 ) (Eq. 23-6) 


C= (0.001 qF)(0.01 qF)/(0.001 qF+0.01 qF) 

C= 909 pF 

f.=l/(2nsfLC) (Eq. 23-5) 

f= 1/(271^(20 qH)(909 pF)) 
f r = 1.18 MHz 

Answer: The frequency is 1.18 MHz. 

23-12. Answer: Reduce the inductance by a factor of 4 (since 
there is a square root in the denominator). 

23-13. Given: 

Ci = 0.001 qF 
C 2 = 0.01 qF 
C 3 = 47 pF 
5 = 10 qH 

Solution: 

f r =l/(2njLC~ 3 ) (Eq. 23-18) 

f r = l/(27tV(10 qH)(47 pF)) 
f r = 7.34 MHz 

Answer: The frequency is 7.34 MHz. 

23-14. Given: 

Li = 1 qH 
L 2 = 0.2 qH 
C= 1000 pF 

Solution: 

B = L 2 Li (Eq. 23-16) 

5 = 0.2 pH/1 qH 
5 = 0.2 

L = Li + L 2 
L = 1 qH + 0.2 qH 
5= 1.2 qH 

f. = 1 /[ 2 jiVZc] (Eq. 23-5) 
f r = l/[2jiJl.2qH)(1000pF)] 

/ r = 4.59 MHz 

^v(min) ~Ll!L 2 

A(min) = 1 pH/0.2 qH 

4 vfinin) — 5 

Answer: The frequency is 4.59 MHz, the feedback 
fraction is 0.2, and the minimum gain is 5. 

23-15. Given: 

M= 0.1 qH 
L = 3.3 qH 

Solution: 

B = MIL (Eq. 23-14) 

5 = 0.1 pH/3.3 qH 
5 = 0.030 

4 vfinin) L/M 
4 V (min) = 3.3 pH/0.1 pH 
4v(min) 33 

Answer: The feedback fraction is 0.03, and the 
minimum gain is 33. 

23-16. Given: f = 5 MHz 

Answer: The first overtone is 10 MHz, the second 
overtone is 15 MHz, and the third overtone is 20 MHz. 

23-17. Answer: Since the frequency is inversely proportional to 
thickness, if thickness is reduced by 1 % the frequency 
will increase by 1 %. 
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Answer: The period is 100 ps, the quiescent pulse width 
is 5.61 ps, the maximum pulse width is 8.66 ps, the 
minimum pulse width is 3.71 ps, the maximum duty 
cycle is 0.0866, and the minimum duty cycle is 0.0371. 

23-24. Given: 

V cc = 10 V 
R | 1.2 kn 

R 2 = 1.5 kC2 
C = 4.7 nF 
Vmod= 1.5 V 
Solution: 

W= 0.693(i?i + Rt)C (Eq. 23-26) 

W= 0.693(1.2 kH + 1.5 k£2)(4.7 nF) 

W= 8.79 ps 

T= 0.693(7?i + 2 R 2 )C (Eq. 23-27) 

r=0.693[1.2kfi +2(1.5 kfi)](4.7 nF) 

T= 13.68 ps 

UTP max = 2 F cc /3 + v mod (Eq. 23-34) 

UTP max = 2(10 V)/3 + 1.5 V 
UTP max = 8.17 V 

UTP mm = 2 V cc /3 - v mod (Eq. 23-34) 

UTP min = 2(10 V)/3 - 1.5 V 
UTP min = 5.17 V 

W mm = -(R,+ i? 2 )Cln[(Fc C - UTP max )/(F cc - 0.5UTP max )] 
(Eq. 23-35) 

W max = - {[(1.2 kn + 1.5 kn)(4.7 nF)]ln[(10 - 8.17 V)/ 
(10 V-0.5(8.17 V)]} 

W max = 14.89 ps 

W mm = -(/?,+ 7? 2 )Cln[(F cc - UTP mm )/(Fc C - 0.5UTP min )] 
(Eq. 23-35) 

W min = - {[(1.2 kn + 1.5 kn)(4.7 nF)]ln[(10 - 5.17 V)/ 
(10 V-0.5(5.17 V)]} 

JV min =5.44 ps 

Space = 0.693i? 2 C 

Space = 0.693(1.5 kn)(4.7 nF) 

Space = 4.89 ps 

Answer: The quiescent pulse width is 8.79 ps, the 
quiescent period is 13.69 ps, the maximum pulse width 
is 14.89 ps, the minimum pulse width is 5.44 ps, and the 
space between pulses is 4.89 ps. 

23-25. Given: 

I c = 0.5 mA 
F cc = 10 V 
C = 47 nF 

Solution: 

S = I c /C (Eq. 23-39) 

S = 0.5 mA/47 nF 
5=10.6 V/mS 

V=2V cc /3 (Eq. 23-40) 

V= 2(10 V)/3 
V= 6.67 V 

T= 2V CC /3S (Eq. 23-41) 

T= 2(10 V)/3(10.6 V/mS) 

T= 0.629 mS 

Answer: The slope is 10.6 V/mS, the peak value is 
6.67 V, and the duration is 0.629 mS. 

23-26. Given: 

Si = Closed 
R = 20 kn 


R } = 40 kn 
C=0.1 pF 

Solution: 

The wavefonn is a sine wave. 

/= 1 ARC 

/= 1/(20 kn)(0.1 pF) 

/= 500 Hz 

Amplitude = 2.4 V p 
Amplitude = 4.8 V pp 

Answer: The output is a sine wave at a frequency of 500 
Hz and a peak voltage of 2.4 V. 

23-27. Given: 

Si = Open 
R= 10 kn 
R } = 40 kn 
C=0.01 pF 

Solution: 

The wavefonn is a triangle wave. 

/=1.LRC 

/= 1/(10 kn)(0.01 pF) 

/= 10 kHz 

Amplitude = 5 V p 
Amplitude = 10 V pp 

Answer: The output is a triangle wave at a frequency of 
10 kHz and a peak voltage of 5 V. 

23-28. Given: 

Ri = 2 kn 
r 2 = io kn 
C=0.01 pF 

Solution: 


CyRi +R 2 J 

f = --- 1 

o.i pFUkn +loknj 

/= 1.67 kHz 

D = R l /(Ri+R 2 ) 

D = 2 kn/(2 kn + 10 kn) 

D = 0.167 

Answer: The frequency is 1.67 kHz, and the duty cycle 

is 0.167. 

23-29a. Decrease. With the lamp open, there is no path for 
feedback current. Thus the voltage at the inverting 
tenninal will equal the output voltage and it should 
be driven to 0 V. 

23-29b. Increase. With the inverting input grounded, there is 
no feedback and the gain is open-loop gain and the 
output will be saturation. 

23-29c. Same. The upper potentiometer affects frequency, not 
output voltage. 

23-29d. Same. Unless the supply falls low enough for 
clipping. 

23-29e. Same. Only a very small change at the output. 

23-30. Answer: 

1. Shorted inductor 

2. Open inductor 

3. Shorted capacitors 

4. Open capacitors 

5. Open in the feedback path 

6 . Loss of the power supply 
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TABLE 2-5 


TABLE 4-2 DMM TESTING 


Rth — 600 £2 


ANSWERS 

1. b 

2. c 

3. d 

4. d 

5. a 

6 . The calculated Thevenin resistance is 2.39 kf2. A load of 
100 kX 2 implies the load voltage will be down 
approximately 2 percent from the ideal open-load or 
Thevenin voltage. This means the voltmeter reads slightly 
less than the ideal Thevenin voltage. 

7. In Fig. 2-la, a shorted 2.2-kSl resistor means the voltage 
between point A and common is lower than it should be, 
which implies a Thevenin voltage that is less than before. 
Also, the shorted resistor means less Thevenin resistance. 

8 . In Fig. 2-la, an open 2.2-kSl resistor implies that all of the 
source voltage will appear across the AB terminals when 
the load is open. Furthermore, opening the resistor will 
increase the Thevenin resistance. 

9. If I wanted to stay in business, I had better produce 
batteries with very low internal resistance because batteries 
are supposed to act like stiff voltage sources for most load 
resistances. 


Experiment 3 

TABLE 3-1 TROUBLES AND VOLTAGES 


Trouble 

V A 

V B 

Circuit OK 

5.21 V 

1.06 V 

Ri open 

0 

0 

R 2 open 

6.9 V 

1.41 V 

R 3 open 

6.81 V 

0 

Ra open 

6.81 V 

6.81 V 

Ri shorted 

10 V 

2.04 V 

R 2 shorted 

0 

0 

R 3 shorted 

2.72 V 

2.72 V 

Ra shorted 

4.92 V 

0 


ANSWERS 

1. a 

2. c 

3. d 

4. d 

5. d 

6. a 

7. c 

8. a 

9. a 

10. d 


Experiment 4 

TABLE 4-1 OHMMETER TESTING 



Expected 

Measured 1 

Measured 2 

Measured 3 

Rf 

Low 

25 Q 

24 Q. 

26 £2 

Rr 

High 

Infinite 

Infinite 

Infinite 



Measured 1 

Measured 2 

Measured 3 

Forward 

0.552 V 

0.571 V 

0.544 V 

Reverse 

OL 

OL 

OL 


TABLE 4-3 DATA FOR FORWARD BIAS 


Calculated 

Measured 

V D 

Vl 

V D 

Vl 

Diode 1 

0.7 V 

9.3 V 

0.68 V 

9.32 V 

Diode 2 

0.7 V 

9.3 V 

0.72 V 

9.28 V 

Diode 3 

0.7 V 

9.3 V 

0.67 V 

9.33 V 


TABLE 4-4 DATA FOR REVERSE BIAS 


Calculated 

Measured 

Vo 

V L 

Vo 

V L 

Diode 1 

10 V 

0 

10 V 

0 

Diode 2 

10 V 

0 

10 V 

0 

Diode 3 

10 V 

0 

10 V 

0 


TABLE 4-5 DIODE CONDUCTION 



A 

A 

A 

A 

Normal 

On 

Off 

Off 

On 

Reversed 

Off 

On 

On 

Off 


TABLE 4-6. DIODE CONDUCTION 



A 

A 

A 

A 

Normal 

On 

On 

Off 

Off 

Reversed 

Off 

Off 

On 

On 


TABLE 4-7 DIODE AND LOAD VOLTAGES 

Vm 

Vm 

Vm 

VDA 

V L 


Calculated 

Measured 

0.7 V 

0.68 V 

0.7 V 

0.72 V 

9.3 V 

9.32 V 

9.3 V 

9.28 V 

8.6 V 

8.6 V 


ANSWERS 

1. a 

2. b 

3. d 

4. c 

5. b 

6. b 

7. c 

8. b 

9. a 

10. c 
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TABLE 7-5 CRITICAL THINKING 


Experiment 7 

TABLE 7-1 HALF-WAVE RECTIFIER 



Calculated 

Measured 

RMS secondary voltage 

12.6 V 

15.6 V 

Peak output voltage 

17.8 V 

20 V 

DC output voltage 

5.67 V 

6.6 V 

Ripple frequency 

60 Hz 

60 Hz 


TABLE 7-2 FULL-WAVE RECTIFIER 


Calculated 

Measured 

RMS secondary voltage 

12.6 V 

15.6 V 

Peak output voltage 

8.9 V 

9.5 V 

DC output voltage 

5.67 V 

6.3 V 

Ripple frequency 

120 Hz 

120 Hz 


TABLE 7-3 BRIDGE RECTIFIER 


Calculated 

Measured 

RMS secondary voltage 

12.6 V 

15.6 V 

Peak output voltage 

17.8 V 

19 V 

DC output voltage 

11.3 V 

12.5 V 

Ripple frequency 

120 Hz 

120 Hz 


TABLE 7-4 TROUBLESHOOTING 


Calculated 

Measured 


Fdc 

/out 

V dc Jout 

Diode open 
Half-secondary short 

5.67 V 

5.67 V 

60 Hz 

120 Hz 

6.25 V 60 Hz 

5.68 V 120 Hz 



Calculated 

Measured 

RMS secondary voltage 

6.3 V 

7.73 V 

Peak output voltage 

8.9 V 

8.8 V 

DC load voltage 

5.67 V 

5.53 V 

DC load current 

21 mA 

20 mA 

Ripple frequency 

120 Hz 

120 Hz 

Load resistance 

270 Q. 

267 Q. 


ANSWERS 

1. d 

2. c 

3. c 

4. c 

5. d 

6 . For a given transformer, the bridge rectifier has the largest 
unfiltered dc output voltage, ideally 90 percent of the nns 
secondary voltage versus 45 percent for the others. 

7. When any diode opens, the circuit reverts to a half-wave 
rectifier. For this reason, the unfiltered dc output voltage 
and the ripple frequency are half of their normal values. 

8 . If any diode is shorted, the other diode on the same side of 
the bridge is destroyed and the remaining diodes are 
unaffected. For instance, if D\ shorts in Fig. 7-2, D 3 is 
destroyed because of excessive current. Diodes D 2 and Z > 4 
are unaffected. 

9. I used only half the secondary winding to drive the bridge 
rectifier. This reduced the dc output voltage to approximately 
5.67 V. To get approximately 20 mA of dc load current, I 
selected a load resistance of 270 Q.. 


Experiment 8 TABLE 8-3 R l = 1 kQ AND C = 470 mF 


TABLE 8-1 TRANSFORMER RESISTANCES Calculated Measured 



Rpri = 33.6 Q 

Rsec = 1.1 Q. 


RMS secondary voltage 
Peak output voltage 

DC output voltage 

12.6 V 

17.8 V 

17.8 V 

17.8 mA 

120 Hz 

0.316 V 

15.5 V 

20 V 

19.9 V 

20 mA 

120 Hz 

0.28 V 

TABLE 8-2 R L = 1 kQ AND C = 47 (jF 


DC load current 

Ripple frequency 
Peak-to-peak ripple 


Calculated 

Measured 




RMS secondary voltage 

12.6 V 

15.4 V 

TABLE 8-4 R L = 10 kQ AND C = 

470 |jF 

Peak output voltage 

17.8 V 

21.5 V 




DC output voltage 

17.8 V 

19.1 V 


Calculated 

Measured 

DC load current 

17.8 mA 

19 mA 

RMS secondary voltage 

12.6 V 

15.6 V 

Ripple frequency 

120 Hz 

120 Hz 

Peak output voltage 

17.8 V 

20.4 V 

Peak-to-peak ripple 

3.16 V 

2.5 V 

DC output voltage 

17.8 V 

20.4 V 




DC load current 

1.78 mA 

1.99 mA 




Ripple frequency 

120 Hz 

120 Hz 




Peak-to-peak ripple 

31.6 mV 

25 mV 
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TABLE 14-3 OPTOCOUPLER 


TABLE 15-2 CALCULATIONS 


Vs 

Lou, 

2 V 

13.8 V 

4 V 

13 V 

6 V 

11.9 V 

8 V 

10.7 V 

10 V 

9.6 V 

12 V 

9 V 

14 V 

8.7 V 


TABLE 14-4 TROUBLESHOOTING 



Estimated Fled 

Measured Fled 

Open LED 

15V 

15 V 

Shorted LED 

0 V 

0 V 

TABLE 14-5 CRITICAL THINKING 



Calculated 

Measured 

R Iled Vled 

^LED f'LED 


Red LED 

680 Q. 

19.1 mA 

2 V 

20.1 mA 

1.7 V 

Green LED 

680 Q. 

19.1 mA 

2 V 

19.6 mA 

2 V 


ANSWERS 

1. c 

2. c 

3. c 

4. a 

5. a 

6 . When the cathode of a LED is grounded, there is LED 
current and the LED segment lights up. By grounding one 
or more cathodes, we can display any digit between 0 and 
9. With a LED voltage drop of 2 V, the current through the 
series resistor is (5 - 2)1210, or 11.1 mA. The LED current 
in any lit segment equals 11.1 mA In, where n is the number 
of lit segments. Therefore, LED brightness decreases as 
more segments light up. 

7. Kirchhoff s voltage law says the voltage across the LED 
equals the source voltage minus the drop across the series 
resistor. When the LED is open, there is no drop across the 
series resistor and the entire source voltage appears across 
the open LED. 

8 . I subtracted 2 V (LED drop) from 15 V (source voltage) to 
get 13 V (voltage across the series resistor). Then I 
calculated R = 13 V/20 mA, or 650 fl. The nearest standard 
sizes are 620 and 680 LS. Arbitrarily, I selected 680 D. 

9. By using nine identical resistors, one in series with each 
cathode. Then the positive supply voltage is connected 
directly to pin 3. By grounding the lower end of any resistor, 
we can set up LED current and tight the associated segment. 


Experiment 15 

TABLE 15-1 TRANSISTOR VOLTAGES AND 
CURRENTS 


Transistor 

Vbe 

VcE 

Ib 

Ic 

1 

0.69 V 

14.4 V 

31.8 pA 

6.4 mA 

2 

0.65 V 

14.8 V 

31.8 pA 

4.8 mA 

3 

0.75 V 

14.2 V 

31.8 pA 

3.2 mA 


Transistor 

Vcb 

Ie 

Cldc 

Pdc 

1 

13.7 V 

3.8 mA 

0.996 

253 

2 

14.2 V 

1.9 mA 

0.992 

127 

3 

13.5 V 

6.5 mA 

0.998 

433 


TABLE 15-3 TROUBLESHOOTING 

Trouble 

Estimated Vc 

Measured V c 

Open 470 k£2 

+ 15 V 

+ 15V 

Shorted 1 kD 

+ 15 V 

+ 15V 

Open 1 k£2 

0 

+ 0.04 V 

Shorted collector-emitter 

0 

0 

Open collector-emitter 

+ 15V 

+ 15 V 


TABLE 15-4 CRITICAL THINKING 



Rb 

Vc 

Calculated 

360 k Q. 

7.45 V 

Measured 

370 k£2 

7.76 V 


ANSWERS 

1. c 

2 . b 

3. d 

4. c 

5. a 

6 . The V BE drop was close to 0.7 V for all three transistors. It 
was also apparent that collector current is much greater 
than base current. My weakest transistor had a p dc of 197, 
which means collector current was approximately 200 
times greater than base current. 

7. I measured the full supply voltage, + 15 V. With the base 
resistor open, the transistor goes into cutoff and operates at 
the lower end of the dc load line, which has a collector 
voltage of + 15 V. Stated another way, there was no 
collector current, which means no voltage drop across the 
collector resistor. Therefore, the full supply voltage 
appeared at the collector. 

8 . A shorted transistor has either zero ohms or a very low value 
of resistance because of internal damage. Because of this, the 
voltage across a very low resistance approaches zero. 

9. Answers will vary. 

10. Because the base current and the beta current set the 
current. 


Experiment 16 

TABLE 16-1 FIRST CIRCUIT 



Vbe 

Vce 

Region 

Calculated 

0.7 V 

6.04 V 

Active 

Measured 

0.72 V 

6.97 V 

Active 

TABLE 16-2 SECOND CIRCUIT 


Vbe 

Vce 

Region 

Calculated 

0.7 V 

0 V 

Saturation 

Measured 

0.75 V 

0.1 V 

Saturation 
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+18 V 



i kn 


+ 


vi 




1 

2 

3 

4 

5 

6 

7 

A 

14.2 

OK 

10.5 

a 

18 

14.2 

OK 

B 

18 

a 

OK 

142 

D 

10.5 

18 

C 

D 

18 

14.2 

OO 

10.3 

0 

14.2 

D 

18 

14.2 

OK 

18 

OK 

OK 

18 

E 

OK 

18 

14.2 

0 

14.2 

10.3 

0 

F 

10.3 

D 

a 

a 

18 

D 

10 

G 

18 

0 

10.5 

14.2 

0 

18 

OK 
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Figure 5-44 
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Figure 8-30 
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Figure 12-43 


3-12 




'Vyj 1 mV 


2.2 kO 


4.3 kn 


V A 

52 

v a 

G7 

*c 

04 

*d 

C6 


05 

*V 

46 

■"o 

f5 

*W 

53 

*> 

G1 


C2 


v a :A2 
v e :CS 
v c : 04 
v a :D2 
v e : 54 
t> :C6 
vfe:G1 
v h -.A6 
*, : f 2 


^:f7 
: 55 
v c \E2 
v a :Cl 
v e :B6 
v> :£5 
v 0 : 54 

•V : A1 
v, :FA 


^:C5 
v a :A2 
v c : Cl 
t'o: 53 
v e : 47 
v f : 07 
‘'o: S3 
*W : ®3 
v> . G2 


0.75 

0.6 

1 

95 

2 

70 

j 

0 

2 


70 

0 

0.75 

0 



0.75 

2 

50 


70 

0 

95 

70 

0 

0.6 

0 

32 

70 

0.75 

0 

14 

2 

0 

70 

0.75 

95 

95 

70 

0 

70 

19 

3 

70 

0 

39 

2 

28 

0 



MILLIVOLTS 


Figure 11-30 























































Figure 15-21 
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